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This invention relates to a method and apparatus for II 
fractionating gaseous mixtures. The invention relates, 
more particularly, to a method and apparatus for re¬ 
moving one or more key components from a gaseous 
mixture or gas stream containing such components. The 
invention further relates to such a method and apparatus » 
as employed for the separation from a gaseous mixture 
of one or more component contaminants. The inven¬ 
tion also relates to a method and apparatus employed 
for the purpose of producing an efficient product where- 
in by removal of one or more components of the origi- * 
nal mixture, the percentage concentration of more de¬ 
sirable components is increased in the resulting product. 
One specific adaptation of the invention relates to the 
drying of a gaseous mixture, such as air. by removal 
of waier vapor. Also with specific reference, the inven¬ 
tion relates to a method and apparatus whereby nitrogen 
is removed from a stream of atmospheric air to increase 
the concentration of oxygen in the effluent product 
stream. In addition, the invention relates to a method ; 
and apparatus whereby oxygen is removed from a stream 
of atmospheric air to increase the concentration of 
nitrogen in the effluent product stream. In this connec¬ 
tion, the invention particularly relates to a combined sys¬ 
tem for separating air into its maior components of oxy- ^ 
gen and nitrogen, employing the fractionation method 
and apparatus herein disclosed. 

The present application is a continuation-in-part of an 
application Serial No. 670.342, filed in the United States 
Patent Office under date of July 5, 1957, now aban¬ 
doned. 

In various industrial processes, moisture-free or oxy¬ 
gen- or nitrogen-rich air itreams are essential to proper 
operating procedure*. Many methods and a variation 
of apparatus combinations are known or have been pro¬ 
posed to obtain such ends Most involve either com¬ 
plicated procedure* or equipment expensive to assemble 
and operate. It is an object of the present invention 
to provide a simple method and apparatus which, with 
minor modification, may be employed in a multitude 
of situations where the purification or concentration of 
gaseous mixtures is desired. Specifically, the objects 
of the present invention may be stated as follows: 

(1) To provide a separation system such as an ad¬ 
sorption system or diffusion system for the drying of air 
or other gaseous materials, without need for employment 
of extraneous heat to restore the adsorbent used in the 
system. 

(2) To provide such a system, wherein relatively small 
amounts of adsorbent material are required for efficient 
operation, and therefore, wherein expenditure* for equip¬ 
ment are considerably roluccd. 

(3) To provide a method and apparatus whereby 
oxygen and/or nitrogen-rich products may be recovi ed 
from atmospheric air without liquefaction or other ex¬ 
pensive or complicated procedure*. 

(4) To provide a method and apparatus whereby a 


gaseous mixture may be fractionated to provide a series 
of effluent product streams in which each such effluent 
stream is rich in at least one component portion of the 
gas mixture supplied to the system as a feed material, 
g The terms "gas" and "gaseous" as employed in the 
following description or claims are intended to include 
not only materials that are conventionally considered to 
be gases, but also those materials conventionally consid¬ 
ered to be vapors Also, the term "key component" as 

10 employed in the following description or claims is used 
to designate the component or components selectively 
adsorbed from a stream of a gaseous material initially 
fed to the system. 

The invention and its objects may be more fully under- 
16 stood from the following description when it is read in 
conjunction with, and with refreence to the accompany¬ 
ing drawings in which: 

Fig. 1 is a diagrammatic showing of an apparatus 
according to the present invention, illustrating flow con- 
80 nections and controls adapted to accomplish the meth¬ 
od contemplated; 

Fig. 2 illustrates graphically an operation in which a 
system according to the present invention was employed 
to remove moisture from atmospheric air, and showing 
25 progressive conditioning of such a system to produce 
a substantially constant output of air dried from an in¬ 
itial moisture content of 4000 mol parts per million to 
approximately 1 mol part per million; 

Figs. 3 to 3D inclusive schematically illustrate the 
30 fundamental operational concepts involved in the prac 
lice of the present invention; 

Fig 4 is a graphic illustration of the manner in which 
the conditioning of a system according to the present 
invention proceeds to produce a result substantially as 
i 38 illustrated in Fig. 2; 

Fig. 5 is a graphic illustration of the results obtained 
by an operation according to the present invention, 
wherein the system was employed for the purpose of 
removing nitrogen from an input air stream to produce 
I 40 an oxygen-rich effluent product, and specifically indicat¬ 
ing the effect of modifying one operating condition while 
i maintaining another constant; 

i Fig. 6 illustrates graphically the effect produced by 

reversing the roles of the modified and constant operat- 
45 ing conditions in the operation represented by Fig. 5; 

- Fig. 7 illustrates graphically the determination of an 

r optimum result from a system operating under the con- 

it ditions represented by the showing of Fig. 6. wherein 

i- the volumetric recovery of a product effluent is related 

i- 50 to the percentage oxygen enrichment of such effluent; 
e Fig. 8 illustrates graphically the determination of an 

n optimum result from a system adapted to concentrate 

h nitrogen in the primary effluent product derived from 

e a gaseous mixture, wherein nitrogen is a major com- 
if 55 ponent portion; and 

ts Fig. 9 is a diagrammatic showing of a system for 

fractionating a gaseous mixture of at least two major 
I- components to produce separate effluent product streams, 
ir each rich in one such major component, 
it •* In the apparatus as shown by Fig. 1, the numerals I 
ic and 2 each designates one of a pair of adsorber vessels. 
Each vessel is adapted to contain and be substantially 

11 fully packed with an adsorbent material, to be later 

at described in greater detail. As abown, the adsorbent 

p- *® packing material in vessel 1 is designated by the numeral 

3. and that in vessel 2 by the numeral 4. 

>y Each vessel is equipped with conduit connection* pro- 

,d viding for the passage of untreated or treated gaseous 
x- materials through the respective vessels and for other- 
*° wise handling such materials in the system. The numerals 
a 3 and < respectively desig n ate combined input and purge 
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conduits for the respective vessels 1 sod 2, and the 
numerals 7 and 8 correspondingly designate primary efflu¬ 
ent discharge conduits. Each of the conduits S and 4 
is connected at its outer end to a common inlet manifold 
conduit 9, and each of the conduits 7 and ■ are in turn 
connected to a common discharge manifold conduit 18. 
A conduit 11 for introducing an initial gaseous material 
feed into the system is connected to the inlet manifold 
9, while a conduit 12 connects with the discharge mani¬ 
fold 18 to provide for discharge of a first product effluent 
from the system. 

The numerals 13 and 14 designate respective elements 
of a pair of three-port, flow-switching valves connected 
in the manifold 9 on opposite sides of the connection 
thereto of the feed or supply conduit 11, and respectively 
intermediate such connection and the conduits S and 4. 
Check valves 9c and 9b are also disposed in the manifold 
between the supply conduit connection thereto and the 
respective valves 13 and 14. These check valves arc 
adapted to permit flow only in the direction of the valves 
13 and 14 respectively. In the respective valves 13 and 
14, the ports are designated by the letters a, 6, and c 
plus the numeral designating the valve. In each valve the 
port a is connected to that portion of the manifold 9 
communicating directly with the supply conduit 11; the 
port b is connected to that portion of the manifold com¬ 
municating directly with a corresponding input and purge 
conduit such as 3 or 4; and the port c is connected to a 
conduit for discharge of a second effluent from one of the 
adsorber vessels. As shown, the ports 13a and 14a are 
connected to communicate through manifold 9 with sup¬ 
ply conduit 11; ports 136 and 146 are connected to com¬ 
municate through manifold 9 with conduits 5 and 4 
respectively; and the pons 13c and 14c are connected to 
discharge conduits IS and 14 respectively for discharge of 
a secondary effluent from the respective vessels 1 and 2. 
The conduits IS and 14 in turn communicate with a com¬ 
mon discharge conduit 17 through a manifold conncctioo 
18. 

The valves 13 and 14 are preferably provided for auto¬ 
matic, cyclical operation so as alternately to connect one 
of the vessels 1 and 2, through their respective conduit 
connections S and 4 and manifold 9, with either the 
supply conduit 11 or an effluent discharge conduit con¬ 
nection IS and 14 respectively. In the drawing, the 
valves 13 and 14 are representatively equipped for auto¬ 
matic operation as by means of solenoids 19 and 28 re¬ 
spectively. Also, as thus equipped, the solenoids 19 and 
28 are preferably activated by means such as a cycle 
timing device, not shown. 

In the apparatus illustrated, the valve 13 has been ac¬ 
tuated to provide for purge discharge from the vessel 1 
through conduits S, 9, and IS by way of valve ports 136 
and 13c. At the same time, or slightly in advance, the 
valve 14 baa been actuated to provide for introduction 
of a gaseous feed material into the vessel 2 through 
conduits 11, 9 and 4 by way of the valve ports 14s and 
146. Subsequent operation of the valves in a regular 
cycle, as later described, would secomplish an opposite 
relationship of the valves to their respective conduits 
and communicating vessels. 

Now referring further to the conduit connections which 
include the conduits 7 and 8 and manifold 18, as shown, 
the latter is provided with a branch conduit connection 
21 in which is disposed a pressure reducing control valve 
21a. This valve may be differential control valve de¬ 
signed to maintain a relatively constant pressure differ¬ 
ential between the inlet and the outlet pons thereof. 
Additionally, and as particularly illustrated in Fig. 1, valve 
21a may exercise control to maintain a constant pres¬ 
sure at its outlet port. Flow through the valve is always 
in the direction indicated by the arrow's. 

The numeral 22 designates a conduit cross section be¬ 
tween the conduits 7 and 8, which cross connection 22 
includes check valves 22a and 226 adapted to close 
against flow from and to open for flow toward the re- 


4 

apective conduits 7 and 8. Check valves 7a and Sa re¬ 
spectively provide against flow through the conduits 7 and 
8 in the direction of the respective vessels 1 and 2 with 
which these conduits communicate. 

8 Reverting now to the adsorbent packing material des¬ 
ignated in the vessels 1 and 2 by the numerals 3 and 4 
respectively, this material may be any adsorbent material 
which has a selective affinity for one or more of the com¬ 
ponents of the gas mixture supplied to the system by way 
10 of the conduit 11. As shown, the adsorbent material is 
uniform and continuous throughout each vessel. If de¬ 
sired, however, the vessels may be packed with a number 
of different adsorbent materials arranged in layers. In 
such instance, it is preferred that the layers be physically 
18 separated. For example, separator plates may be in¬ 
troduced to extend diametrically across the vessel, or 
each adsorbent may be prepacked in a suitable carrier 
container and the several containers inserted to form a 
series from one end of a vessel to the other. 

80 Depending upon the operation contemplated, the ad¬ 
sorbent employed may be selected from such materials 
as activated carbon, alumina, silica gel, glass wool, ad¬ 
sorbent cotton, and even soft tissue paper. Various metal 
oxides, clsyi. Fuller's earth, bone char, etc. also have 
84 adsorbent characteristics which may be utilized according 
to the present invention. Still another adsorbent mate¬ 
rial of the character contemplated is one known as Mobil- 
beads, which is a siliceous moisture adsorbing compound. 
Other absorbent materials suitable for employment ac- 
80 cording to the present invention include materials known 
as molecular sieves. This class of materials includes cer¬ 
tain zeolites, both naturally-occurring and synthetic, which 
have crystalline structures containing a large number of 
small cavities interconnected by a number of still smaller 
88 holes or pores, the latter being of exceptional uniform 
size. The pores may vary in diameter from 3 to 3 Ang¬ 
strom units, to 12 to 13 or more. For a particular mole¬ 
cular sieve material, however, the pore sizes are substan¬ 
tially uniform and accordingly the material normally will 
40 be designated by the characteristic size of its pores. 

The scientific and patent literature contains numerous 
references to the adsorbing action of natural and syn¬ 
thetic zeolites. Among the natural zeolites having this 
sieve property may be mentioned chabaaites and analcite. 
A synthetic zeolite with molecular sieve properties is de- 
" scribed in U.S. 2,442,191. Zeolites vary somewhat in 
composition, but generally contain ailica, aluminum, oxy¬ 
gen, and an alkali and/or alkaline earth element, e g., 
sodium and /or calcium, magnesium, etc. Analcite has 
the empirical formula NaAISifO'.HfO. Barrer (U.S. 
2,306,610) teaches that all or part of the sodium it re¬ 
placeable by calcium to yield, on dehydration, a moleculai 
sieve having the formula (CaNa t ) AlfStiOuTHjO. Black 
(U.S. 2,322,426) describes a synthetic molecular sieve 
having the formula 4CaOAl a O > .4SiO|. 

" The synthesis of molecular sieves having uniform 
pore sizes of 4 and 3 Angstrom units may be accom¬ 
plished by mixing an aqueous solution of an alkali meul 
silicate having a ratio of alkali metal oxide/SiO, of about 
0.8 to 1 or higher with a solution of sodium aluminate 
M having a ratio of NajO to AIjO, of about 1/1—3/1 at a 
temperature of from about 160* to about 213* in such 
proportions as to give a ratio of SiO| to Al,0, in the 
mixture of 0.5—3/1. The mixture it held at the stated 
temperatures for a period of time sufficient to form a 
83 crystalline sodium aluminosilicate, which is a molecular 
sieve material having a uniform pore size of about 4 
Angstrom units. A pore sine of about 3 Angstrom units 
may be produced in this material by base exchange 
reaction with an alkaline earth metal such as calcium, 
70 in the form of calcium chloride for example. In either 
instance, the molecular sieve material produced is water 
washed and activated by eelrlnieg 
The synthesis of a molecular sieve material having a 
pore size of about 13 Angstrom units may be produced 
76 |,y mixing an aqueous solution of an alkali metal silicate 
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having a ratio of alkali meul oxide/SiO, of about 1/1 

c higher with a so.uUon of **f> *™£ “U^lmired in a primary effluent 

ratio of NajO to Al,0, of 1/1-3/1 at 160 to aoout w hich may be molt advantageously recover- 

r**, t’TSs,”?■>“ “or ™ nasi »m. . —■« ■«— 

ssaras'=r^.v sas 

sieve material desired. The recovered sieve material is th P pressure is passed, cyclically and in alter- 

water washed and activated by calcining. natina seauence through each of two paired adsorption 

A large number of other naturally-occurring zeolites 10 04 , .tmosohere of the tones being sub- 

have molecular sieve activity, i.e., the ability to setae- . £ch as to main- 

tively adsorb certain components or component portions «an » d ^ effluent products in a vapor 

of a gaseous mixture. This selectivity stems from the Uini the feed maten M0 ach MDe i, 

fact that only molecules small enough to enter the pores ° * P f ind trough a body of an adsorbent con- 

will be adsorbed. Molecule site alone, however '* 1 ®°* 18 J. jn (he loat wt ^h adsorbent material has a selec- 

the sole requirement for selective adsorpion.Itap^ars t ^ ^ |u|t ^ key component portion of 

that a relative affinity of a molecule for the adsorbent as . * During passage of the original feed stream 

compared to other molecules or an initial relative rate ffie mixmre During passa^^ ^ ^ „ on an ad . 

of adsorption phenomena must be present. Of the mate- . Dur j ng t hi s cycle, the zone is maintained 

rials contemplated for use according to the present in- 20 ^tp°ncycle. WMW strelu „ 

vention, one having a uniform pore sue of about 4 Afrer passage through the zone, a 

Angstroms has been found especially suitable for co oaviOUS effluent product is discharged from the zone 

centralion of nitrogen in a primary effluent product de- * , ubstant ially the pressure of the initial stream, 

rived from atmospheric air. A molecular sieve material ... - |h ne „ on an adsorption cycle, pressure 

having a uniform pore size of .toot 5 An jom. hu 25 ^‘^^^f thTplfr i.TXed, L by opening 
been found to be a satisfactory adsorbent for the o aimosnhere or another zone of reduced pres- 

centration of oxygen in the primary P r _ “ , hi , condition, the other zone is on a desorp- 

derived from atmospheric air, according to the P re ** ■ At substantially the same time, a portion of 

invention. When employed in substantial y the same uon cycle. ^subsidy ^ ^ ^ ^ ^ ^ 

manner as the 5 Angstrom pore size motacukr .cvcle is withdrawn from the total primary 


vention, one having a uniform pore size of about 4 
Angstroms has been found especially suitable for con- 
centration of nitrogen in a primary effluent product de¬ 
rived from atmospheric air. A molecular sieve material 
having a uniform pore size of about 5 Angstroms has 25 
been found to be a satisfactory adsorbent for the con¬ 
centration of oxygen in the primary effluent product 
derived from atmospheric air, according to the present 
invention. When employed in substantially the same 

. ___. mn Ur-iilor m 


material, a molecular sieve material having a uniform 
pore size of about 13 Angstroms also has been found 
to be suitable for the concentration of oxygen in the 
primary effluent product derived from atmospheric air. 


inc primal jr --- — 

adsorption cycle is withdrawn from the total primary 
effluent discharge, and this withdrawn portion is intro¬ 
duced into the reduced pressure zone, which is on a 
desorption cycle, so as to pass over and through the body 


rK«arraa=£ - sS^stfsr-'ast'W: 

exhibits an affinity for moisture, and to some counterflow relation to passage of the initial stream 

st-jrtisa =** u.* - - assariSaWss 


m “ ‘ . orcompoDent, » «» 

**l* , a b l d T A and 13 A. molecular sieve materials contained in the zone on a desorption cycle. A iso the 

have cert™aJTJdllllSw 'charac- h^rfawionTtJduccd* duringV p wviOMS adsorption 

mrmx ...«*nrr=r s susnars 


represented in the following table: 


Adsorbed on 

4 A and 6 A. 

Adsorbed on 5 A. 
but not 4 A. 

Not adsorbed on 4 A. 
or 5 A. 

Adsorbed on 13 A. 

(1) Ethane. 

(2) Ethylene. 

(1) Propylene. 

(1) Propane and 
higher n- 
tKintdins 

(2) butene and 
higlter n- 
olrftns. 

(1) Isoparaffins. 

(2) Aromatics. 

(3) All eye Iks with 4 
or more atoms Ln 
ring. 

( 1 ) All hydrocarbons 
within gasoline 
boiling range. , 

(2) Aromatics 
strongly ad¬ 
sorbed. 

(3) Dloleftns strongly 
adsorbed. 


As indicated from this table the method and apparatus ^ 
according to the present invention may be employed for 
the separation of materials such as ethane, ethylene, or 
propylene from a mixture with [vopane and higher n- 
paraffins or butene and higher n-olefins by the use of 
4 A. sieves. Likewise, isoparaffins, aromatics and all ^ 
cyclics with 4 or more atoms in the ring may be sepa¬ 
rated from any of the previously mentioned hydrocar¬ 
bon material by the use of either 4 A. or 5 A. molecular 

sieves. . ._ 

As has been indicated above, many of the adsorbent ?0 
materials listed are selective for more than a single key 
component. For example, activated alumina may be 
employed to adsorb water vapor and carbon dioxide 
simultaneously from a gaseous mixture in which they 
may be present, while silica gel adsorbents, including 
Mobilbeads, although adsorbent for water vapor, have 


pressure cycle is conserve* — —-. 

the effects of cooling produced during the desorption 
cycle. 

One great advantage of th.t present process is the con¬ 
servation of heat evolved on the adsorption cycle. Proc¬ 
esses as heretofore known in the art conducted the ad¬ 
sorption cycle for a period sufficient to raise the delta 
T appreciably, thereby permitting or causing heat to 
flow through the bed, as well as through the walls of 
the adsorption vessel, thus to be substantislly lost. In 
accordance with the present invention, wherein rapid 
cycling is employed between the adsorption and the de¬ 
sorption phases, the delta T on the adsorption zone is 
relatively small. Thu tends to greatly reduce the flow 
of heat. Due to the short time on the adsorptioo cycle. 

d^dBTtl^Sis of*Se J^lnto I thesiirToti<Eng at- 
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mosphere By rapid cycling from adsorption to desorp¬ 
tion in the respective zones, the desorption cycle will sub¬ 
stantially completely utilize the beat produced during the 
adsorption cycle. As pointed out above, this is due to 
the low delta T attained, and due to the lack of time S 
for dissipation of the beat of adsorption. In effect, the 
t. ds function as highly efficient, rapidly cycled, bead heat 
exchangers. Generally, the time on the adsorption cycle 
in accordance with the present invention does not exceed 
2-3 minutes and is preferably leu than 1 minute. A very 10 
desirable time on the adsorption cycle is less than 20 
seconds u, for example, 10 seconds. The particular 
times utilized depend upon various factors, such u the 
particular adsorbent utilized, the height of the bed, the 
nature of the key component, and other operating van- 16 
ablcs. 

The combination of temperature and reduced pressure, 
plus the flushing or scavenging effect of the primary ef¬ 
fluent product reflux portion used for backwashing, pre¬ 
pares the adsorbent to adsorb the key component or SO 
components from the stream of the gaseous mixture in¬ 
troduced during the next adsorption cycle for this zone. 
Desorption of the adsorbed key component is additionally 
facilitated by the fact that the gaseous mixture consti¬ 
tuting the primary effluent product reflux portion which 26 
is passed through the zone has acquired a renewed ca¬ 
pacity to take up the key component desorbed from the 
adsorbent. In effect, the desorption step, accomplished 
in one zone of a pair of zones, involve: a backwashing 
action by the primary effluent product reflux portion *0 
withdrawn from the primary product stream discharged 
from the contemporary adsorption cycle of the other zone 
in such pair, and may be accomplished without addition 
of heat from an outaidc source. 

For the purpose of this description, the effluent dis- * s 
charged from a zone which is on its adsorption cycle 
is termed the “primary effluent product,” while the ef¬ 
fluent discharged from a zone which is on its desorption 
cycle is termed the “secondary” effluent product. In 
the primary effluent product, the key component or com- 40 
ponents will be present in a minimum concentration. In 
the secondary effluent product, the key component or 
components will be present in a maximum concentration. 

As a result of the backwashing step for desorption of 
the key component or components from the adsorption 16 
zooes, to a degree, the components of the secondary ef¬ 
fluent product will correspond to those of the initial 
feed of the gaseous mixture. The primary effluent prod¬ 
uct normally will be the product toward which the meth¬ 
od is directed. Where the secondary effluent product has i( 
no specific utility, as where the adsorbed key components 
may be such as water vapor and small amounts of car¬ 
bon dioxide, during its desorption cycle, the discharge 
from either zone mr.y be vented to the atmosphere, or 
otherwise disposeo of as a waste product. Where the 66 
secondary effluent may be such as to warrant recovery 
of the adsorbed key components, it may be discharged 
to an accumulator or storage zone, or fed to a suitable 
recovery or treating zone directly, in any suitable fashion. 

In the method contemplated, the initial gaseqps mix- 60 
ture fed to the system should be a material which does 
not contain appreciable amounts of c o mponenti which 
exhibit higher heats of condensation or adsorption than 
the key components, under the operation conditions pres¬ 
ently contemplated by this invention, and which are also 66 
strongly adsorbed by the adsorbents selective for such 
key components. Where components which have such 
characteristics are present in appreciable amounts, their 
adsorption tends unduly to raise the temperature of the 
adsorbing zone, and thereby to increase the vapor pres- TO 
ture of an adsorbed key component beyond the condition 
at which it may be satisfactorily retained or accepted 
by the adsorbent. Likewise, under such conditions, de¬ 
sorption of the components having those undesirable 
characteristics set forth above, tend unduly to lower the T6 
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temperature of the desorbing zone beyond the condition 
at which the key component ic readily given up by the 
adsorbent. To some extent, however, the effect of such 
strongly adsorbed components may be counteracted by 
provision of heat exchange means in the respective ad 
sorption zones whereby the temperatures of the zones 
may be maintained at levels such as to permit effective 
adsorption and desorptioa of the key components. For 
example, the heat produced in an adsorption cycle in one 
zone may be utilized to counteract the cooling effect pro 
duced by the desorption cycle in the other zone. 

The apparatus of the present invention, as illustrated 
by Fig. 1, has particular utility in a method, such as 
geaerally described above, for drying air streams. In 
such employment, a cycle timer (not shown) was elec¬ 
trically connected to activate the solenoids 1* and 26, and 
thereby to actuate the valves 13 and 14 at three minute 
intervals; each valve being “open" for such period while 
the other was “dosed” for that period. 

When “open" a val v e provides for communication 
between the inlet conduit 11 and one of the adsorbers by 
way of the valve and the connecting conduits. In the 
drawing, the valve 14 is “open" and provides such com¬ 
munication by way of ports 14a and 14f>, and the conduit 
6 to adsorber 2. The other valve 13 is shown aa “closed," 
in which position it provides communication between the 
adsorber 1 and the discharge conduit 17, by manifold 9, 
and way of the ports 136 and 13c. These positions cor¬ 
respond oppositely from valve to valve during the opera¬ 
tion described. 

Each of the adsorber vessels employed was about 12 
inches long and about lVi inches in diameter, each having 
a capacity to hold about one pound of Mobilbcads with 
which each was packed for the operation now described. 
As employed, the Mobil beads preferably may be of from 
VI to ( mesh size. 

In this particular operation, a pressurized air stream 
having a moisture content of about four thousand molec¬ 
ular parts per million parts of air was supplied through 
the conduit 11. By timed energization of ihe solenoids 
16 and 26, the valves 13 and 14 were actuated to cycle 
flow wet air alternately through each of the adsorbers 
1 and 2. During the on cycle time, a primary effluent 
product was discharged from the adsorber on cycle by 
way of the discharge conduit opening therefrom. The 
»et air input through conduit II was adjusted by means 
of valves 21a and 23, to obtain a total primary effluent 
Aow rate of about 1.0 standard cubic foot per minute. 
Premure on the input stream to the on cycle adsorber was 
maintained in the vicinity of forty pounds per square inch 
gauge. The ambient atmosphere of the system was at 
about room temperature. 

During the off cycle time of either adsorber, a portion 
of the total primary effluent product was withdrawn from 
the stream thereof discharged from the other or alternate 
adsorber and was passed through a discharge conduit 
such as 6 of Fig. I. This portion was withdrawn, as 
through conduit 21 and 22 through the valve 21a and 
check valve 22a and thence by way of the conduit 7 to 
pass through the off cycle adsorber, in this instance 
adsorber 1. The primary effluent product was withdrawn 
from conduits 7 and 6 automatical)/ by action of the 
regulating valve 21a and the differential pressure across 
the valve as a result of the valves 13 or 14 being closed, 
whereby to connect the adsorbers I and 2 respectively and 
in timed cyclical sequence with the secondary effluent 
discharge conduit 17. 

Withdrawal of the primary effluent product was accom¬ 
plished at the rate of about 0.3 standard cubic foot per 
minute. The residual effluent product stream was dis¬ 
charged by way of conduit 17. The withdrawn portion 
after passing through and over the adsorbent in either 
of the adsorbers 1 or 2, and having substantially purged 
the adsorbent material therein of moisture from the 
previous on cycle period was discharged from the system 
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tj & secondary effluent product by way of the correspond- 
ing cooduiu 5 and 4. valves 13 and 14, conduits 15 and 
1«, the manifold 10 and the discharge conduit 17 to a 
rone of lower pressure, in this instance, the atmosphere. 

Considering the method and apparatus described with 
reference to a specific procedure for drying a moist air 
stream as substantially typical, once a stabilized operating 
condition has been reached a material balance operating 
condition may be calculated according to the following 
formula: 


R \P,lP.) 


In this equation «=the reflux, recycle, or puTge flow rate 
in standard cubic feet per minute; D=the dry primary 
effluent product recovered from the system in standard 
cubic feet per minute; and P,/P t —ihc ratio of the adsorp¬ 
tion cycle pressure to the desorption cycle pressure in ab¬ 
solute values. According to this equation, when the purge 
flow and recovered primary effluent product satisfy the 
equation, the moisture removed in the secondary effluent 
product in each desorption cycle will equal the moisture 
removed from the feed gas stream during the adsorption 

cycle. . 

If in the foregoing equation the volume of recovered 
primary effluent product according to the operating ex¬ 
ample given above is substituted for D in the equation 
and with the pressure relationships indicated, the equation 
becomes 


ft = ^-?-iy^ = 0.185 a.c.f.m. 


In other words, having reached a stabilized operating 
condition, it requires a purge flow of 0.185 standard cubic 
feet per minute to maintain that condition. As may be 
determined by reference to the operating condition as set 
forth in the example above, the purge flow there is some¬ 
what in excess of that required according to the equation. 
This excess purge flow is essential initially to speed the 
establishment of the desired material balance. From that 
point on it is available through adjustment of the valve 
21a to provide for greater primary effluent recovery or 
where circumstances may warrant to accommodate sud¬ 
den increases in the content of the key component por¬ 
tion in the feed stream. 

Fig. 2 graphically illustrates the result obtained by 
operation of the system in the manner described above 
The air fed to the system had an initial moisture content 
of four thousand mol parts per million. After one day s 
continuous operation, cyclically reversing the flow through 
the adsorbers to produce an on cycle and off cycle inter¬ 
val of three minutes for each adsorber, the moisture 
content of the effluent product stream in conduits 7 and 
g had been reduced to between about fifteen and thirty 
mol parts per million. Over the next four days, and 
maintaining the original operating conditions substantially 
constant, the moisture content of the primary effluent 
product streams from the adsorber 1 and 2 was reduced 
to about one mol part per million, at which level it be¬ 
came stabilized. 

If desired, the time required to reach a stabilized op¬ 
erating condition may be considerably reduced by with¬ 
drawing or diverting the entire primary effluent product 
of an adsorber which is on cycle to the one which is off 
cycle. The capacity of the adsorbers may be increased 
by increasing the ratio between the on cycle and off 
cycle pressures of the adsorbers. It may also be in¬ 
creased by decreasing the cycle time, although in the 
operation for drying air a cycle time of between about 
one and five minutes duration is preferred, too rapid flow 
switching being wasteful of the feed material. Where 
water vapor and carbon dioxide are to he removed from 
the feed air stream, however, it is preferred to use acti¬ 
vated alumina of V* to 8 mesh size particles and a flow- 
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switching cycle of about one-half minute. Tbe capacity 
of the adsorbers may also be increased, of course, by 
increasing their volume and thereby the amounts at 
adsorbent contained. In general, the capacity » increased 

* in direct proportion to an increase in the adsorbent 
volume. For example, if the adsorbent is doubled, tbe 
capacity is doubled. 

In an operation such as described, employing Mobil- 
beads of V* to 8 mesh as the adsorbent material for 
10 adsorption of water vapor from air. a preferred maximum 
volumetric flow through the adsorption zones is about I S 
times the gross volume of adsorbent during each on cycle 
period. Where fine glass wool is used as the adsorbent 
a maximum volumetric flow through the adsorption zones 
I# is preferably about 0.9 times the gross adsorbent volume. 
Where carbon dioxide and water vapor are key compo¬ 
nents to be removed simultaneously, and activated alumina 
is thus employed, a maximum volumetric flow through 
the adsorption zones is preferably about 2.6 times the 
*0 gross volume of the adsorbent. All such flow conditions 
are related to and calculated at the temperature and pres¬ 
sure of the adsorption cycle, and under conditions of 
ambient temperature for the system which temperature 
is substantially room temperature. , , . 

26 As noted above, Fig. 3 and Figs. 3A to 3D inclusive 
schematically illustrate the tnfiner in which a system as 
contemplated by the invention achieves a stabilized operat¬ 
ing condition Of these figures, Fig. 3 represents a 
simple adsorption system, having a single chamber, for 
10 the purpose of indicating the fundamental concept in¬ 
volved by the practice of this invention. Figs. 3A to 3D 
inclusive illustrate the application of this concept to a 
dual adsorption chamber system, such as that represented 
by Fig 1, wherein the system is initially stabilized or 
33 conditioned by repeated counterflow recycling of the 
total primary effluent product from each chamber to the 
other. These figures also illustrate the progressive nature 
of such a conditioning procedure, including the de '' elo P- 
ment of a moisture or vapor pressure front in the adsorb- 
40 ent bed of each chamber. ...... 

Referring now to Fig. 3. let it be assumed that the 
adsorbent chamber 31 is filled with a bed 33 of adsorb¬ 
ent selective for a key component such as water vapor 
in air. If a stream of air containing water vapor with a 
46 vapor pressure of 16 millimeters of mercury at 60 pounds 
per square inch absolute is passed through the chamber 
and the adsorbent therein, by way of inlet and outlet 
conduits 35 and 37 respectively, at a constant number 
of standard cubic feet per minute, eventually the water 
1 30 retained by the adsorbent will reach a vapor pressure 
1 equilibrium with that of tbe air flowing over the adsorb¬ 
ent wherein it will have a vapor pressure of 16 mm. of 

; mercury. . . . , c 

1 Now, if the inlet air stream pressure is reduced to 15 

' 68 pounds per square inch absolute, with the mass flow and 
1 water vapor concentration remaining constant, the water 
1 vapor in the stream will exhibit a partial pressure of 4 
1 millimeters of mercury. At the instant of pressure 
1 change, however, the water retained by the adsorbent 

' still *has a vapor pressure of 16 millimeters of mercury. 

Exposed to an environment of 4 millimeters of mercury, 
“ the retained water will adjust to this environment by 
giving up vapor to the air flowing over the adsorbent. 

* Thus the adsorbent becomes drier. Initially the dis- 

T 88 charge from the chamber will contain water vapor at a 
d partial pressure of 16 mm. of mercury. As flow con- 

^ tinucs this pressure diminishes to a point of final equi- 

'' librium at 4 mm. of mercury. 

e If the pressure of the inlet air stream is now returned 

" 70 to its initial value of 60 p.s.i.a.. the water vapor con- 

* tamed therein again will have a partial pressure of 16 

n mm. Hg. As this water vapor contacts the adsorbent 

holding water with a partial pressure of 4 mm. Hg, water 
n w in be adsorbed from the air stream until a state of 
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equilibrium is reached once more. The exit air stream 
then initially will contain water vapor at a partial pres¬ 
sure of 4 mm. Hg. As flow continues this partial pres¬ 
sure increases. 

Thus, for a short time in each pressure cycle, the con¬ 
centration of water vapor in the effluent air stream leav¬ 
ing the chamber by way of the conduit 37 will increase 
as the stream pressure is reduced and decrease as the 
stream pressure is raised. The phenomenon described 
is utilized according to the present invention and is fur¬ 
ther demonstrated by the conditioning of a dual chamber 
system described by reference to Figs. 3A to 3D inclu¬ 
sive. 

In the apparatus represented by Fip. 3A to 3D inclu¬ 
sive, the numerals 41 end 42, respectively, designate two 
adsorbent chambers. The chambers have dual purpose 
inlet and discharge conduit connections 45 and 47, and 
44 and 54 respectively. The conduits 47 and 44 are sub¬ 
stantially continuous through a common valve connection 
51. The numerals 43 and 44 designate the selective 
adsorbent beds of the respective chambers 41 and 42. 

Assuming the valve 51 to be wide open, if an air 
stream containing water vapor having a partial pressure 
of 16 millimeters of mercury at an initial pressure of 60 
pounds per square inch absolute is introduced through 
conduit 45 and discharged through conduit 54, the two 
adsorbent beds 43 and 44 will come to equilibrium with 
water retained therein at a vapor pressure of 16 mm. of 
Hg. With the respective beds in such equilibrium con¬ 
dition, if the valve 51 is now set to produce a 45 pound 
pressure drop, the partial presure of water vapor con¬ 
tained in the air flowing through the bed 44 will be 4 mm 
of Hg. Eventually, the bed 44 will come to equilibrium 
at this partial pressure, giving up water to the air which 
is discharged therewith by way of conduit 54 . 

With chamber 41 at equilibrium, and water retained 
therein at a vapor pressure of 16 mm. of Hg, and cham¬ 
ber 42 at equilibrium with retained water therein at a 
vapor pressure of 4 mm. of Hg, if flow through the cham¬ 
bers is reversed in the manner indicated by Fig. 3B, the 
water vapor in the 60 p.s.i.a. stream entering chamber 42 
by way of the conduit 54 will have a partial pressure of 
16 mm. of Hg. The adsorbent material 44 will start to 
remove water from the incoming stream in an effort to 
achieve equilibrium, thus developing a vapor pressure 
front designated by the letter a. This front moves along 
the bed in the direction of flow therethrough. As it does 
so, air which contains water vapor at a partial pressure 
of 4 mm. of Hg moves ahead of the front and through the 
valve 51. As the absolute pressure of this air stream is 
reduced 4:1 in passing through the valve, the partial pres¬ 
sure of contained water vapor is reduced in like fashion 
As a result it enters chamber 41 with a partial pressure 
of I mm. of mercury, and develops a vapor pressure front 
indicated by the letter b ahead of which air with a water 
V?" »«"Ml Prepare of 16 mm. of Hg is discharged 
through the conduit 45 . 

If Uw flow direction is again reversed as indicated by 
liULu '? por pre ** ure fronts, as shown, are again moved 
through the respective beds 43 and 44. On this cycle 
j W V er , v,por contained in the air from chamber «1 
and which vapor bad a partial pressure of 1 mm. of mer¬ 
cury in chamber 41, enters the chamber 42 with a partial 
pressure of V* mm. of mercury behind the front 
by the letter c. 

F*3D illustrates the effect of another flow reversal 
through the chambers 41 and 42, wherein still another 
vapor pressure front d is developed. The water vapor 
behind this front now has a partial pressure of 0.0625 
mm. of mercury due to the 4:1 reduction achieved by 
passage through the valve 51. By continued and fre¬ 
quent flow reversal, the fronts eventually merge to develop 
awater vapor concentration gradient along each cham 
her. This gradient is evidenced by the somewhat dif 
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fuse but relatively well defined front which moves through 
the chambers in the direction of flow therethrough. 

The results of the conditioning procedure just described, 
is further illustrated graphically by Fig. 4. The sequence 
6 of four cycles described above are represented in Fig 4 
by the graphic showing of the progress of the vapor pres¬ 
sure fronts through the length of the adsorber chambers 
The fronts represented are lettered for identification with 
those shown in Figs. 3B to 3D inclusive. In Fig. 4. 
10 the fronts established when the chambers have been fully 
conditioned, and when a merger of preliminary fronts has 
been attained is designated by the letter e. The fronts 
developed between the fourth cycle front d and the final 
cycle front e are omitted in the representative showing 
15 by Fig. 4 of the progressive recession of the vapor pres¬ 
sure front from the effluent discharge outlet during the 
conditioning procedure. 

When this full flow conditioning procedure is applied 
to the system as illustrated by Fig. 1, and the primary 
*0 product effluent streams through conduits 7 and 10 ex- 
hibit no measurable amount of the key component ad¬ 
sorbate, the pressure regulating valve 21a may be ad¬ 
justed so as to obtain any desired recovery of the pri- 
mary product effluent by way of the conduit 12. From 
thu P 0 ‘ nl the pressure cycle periods will be timed 
to provide for oscillatory movement of the vapor pres¬ 
sure front, such as represented by e in Fig. 4, in a por¬ 
tion of the beds intermediate the ends thereof. By so 
an d0 ‘! li ' the bre »k through of adsorbate on the adsorption 
c 7 c,e * or °t the primary product effluent on the desorp¬ 
tion cycle is avoided. Under such conditions, the pri¬ 
mary product effluent recovered will have a substantially 
constant and extremely low partial pressure of the initial- 
ly contained key component portion therein. 

Thus the invention has been described with refer¬ 
ence to a procedure for obtaining the maximum or opti¬ 
mum fractionation or separation results. Under certain 
circumstances, as where it is desired to obtain a primary 
effluent its which a certain portion of the key component 
is retained in the primary effluent, the conditioning pro¬ 
cedure may be altered somewhat by adjusting the re¬ 
cycled flow of primary effluent from one chamber to the 
other to a value somewhat lower than the minimum 
as i ? own *° required according to the formula given 
above. The result obtained in this way will provide a 
primary effluent product containing a given percentage of 
the water content of the initial feed stream. If it is desired 
that this water content be maintained as a constant and 
absolute humidity value, the water content of the initial 
feed stream theo must be regulated or controlled to pro¬ 
vide the desired absolute humidity in the primary effluent 
product. 

In another operation, an apparatus substantially as 
“own in Fig. I, was employed to produce from atmos 
phene air a primary effluent product having a higher con¬ 
centration of oxygen than that of the original air stream. 
For this operation two adsorbers, each 13 inches long 
by 2.875 inches in diameter were packed with 1000 
grams of 5 A. molecular sieves each. Atmospheric air 
was supplied to the system at a pressure of seventy-five 
pounds per square inch. The system was at room tem¬ 
perature ^O’-flO* F.) operated substantially as de¬ 
scribed above, except that the cyclical actuation of the 
valves 13 and 14 was timed to produce on cycle flow for 
an interval of about forty seconds each. Also, in order 
to obtain a substantially constant primary effluent prod 
J*®* If** v »!ve timing was set to produce an over¬ 
lapping on cycle flow wherein the on cycle of one ad 
sorber was initiated about five seconds in advance of 
tfremnation 0 f the on cycle flow of the other adsorber in 
use pur employed. In this operation, employing a 5 
A. molecular sieve as the adsorbent material, it is pre- 
feiTed that the maximum volumetric flow of the gaseous 
mixture during any on cycle period be about equal to 
tne gross volume of the adsorbent under conditions of 
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pressure ui.« temperature as set forth above with rela¬ 
tion to the adsorption of water vapor from air. Pre¬ 
liminary to a standard operation, the system was oper¬ 
ated to determine the improvement produced by the 
backwashing technique contemplated by this invention. 6 
The results of such preliminary operation are indicated 
by the graphic showing of Fig. 5. 

Measurements of oxygen concentration were made 
with a para-magnetic oxygen analyzer (0-22%) after 
quantitative dilution with nitrogen. In addition, tho 10 
oxvgcn concentration was measured with a gas chro¬ 
matographic analyzer calibrated for 0-100% oxygen in 
nitrogen. Moisture content of the oxygen-nch product 
varied between 2 and 6 p p m. as measured by an elec- 
trolytic moisture analyzer. Line air moisture was be- IB 
tween 3000 and 6000 ppm. The apparatus dried the 
product in addition to concentrating the oxygen. 

As indicated by Fig. 5. with a relatively large reflux 
flow of the primary effluent product, the inherent capac- 
ity of the adsorptive material is enhanced. As shown, go 
with cycling, but no reflux flow at all, the concenttation 
of oxygen in the effluent product was increased from a 
normal concentration of about 21 mol percent in »>r to 
about 30 mol percent in the primary effluent product. 

As the reflux flow was started the primary effluent prod- v 
uct exhibited a tremendous increase in oxygen concen¬ 
tration With a reflux flow of about 0.1 standard cubic 
foot per minute a maximum concentration of about 7. 
mol percent was exhibited. Although further increase 
in the reflux flow, while maintaining a constant value S 
for the primary effluent product recovery, resulted in a 
reduced concentration of oxygen, the least con¬ 
centration exhibited, with a reflux flow of 0.4 stand¬ 
ard cubic foot per minute, was nearly 33 mol percent, 
an improvement of about 25 mol percent The results, 
as graphically illustrated, demonstrate that the effect ot 
primary effluent product reflux is to markedly decrease 
the concentration of the key component in the product 
effluent In this instance the key component is nitrogen 

In a commercial application of the invention, of course, 
primary effluent product recovery requirements might 
vary between large product recovery with low concen¬ 
tration of the nonadsoihcd components and low product 
recovery with high concentration of nonadsorbed com¬ 
ponents. Fig 6 demonstrates the results obtained with * 
a constant reflux flow and with varying amounts of 
oxygen rich primary effluent product recovery. The 
slight divergence of the curve as the recovered effluent 
product approached zero is assumed to be due to disturb 
ance of the concentration gradients in the adsorbent beds . 
due to the pressure cycling action of the system. 

Referring to Fig. 7. the concentration of oxygen in the 
recovcied primary effluent product is plotted against the 
recovery flow rate of the primary effluent. The ordinates 
of the graph are a numerical representation of the total 
product flow in standard cubic feet, minus the reflux 
flow, multiplied by the difference between the mol per¬ 
cent of oxygen in the air stream fed to the system and 
the mol percent of oxygen determined in the effluent 
product The abscissas express in standard cubic feet 
per minute the effluent product recovered. As shown, 
optimum recovery with optimum oxygen concentration 
is attained at an effluent product recovery rate of about 
0 11 standard cubic foot per minute with a total air input 
of about 1 00 s.c.f.m. and a secondary effluent product 
recovery rate of about 0.795 s.c.f.m. (including reflux 
flow of 0 195 s.c.f.m.). This secondary effluent product 
contains a concentration of the key component, nitrogen, 
greater than in the air stream fed to the system. It 
desired the secondary effluent product may be accumu¬ 
lated for subsequent further oxygen recovery, or f or 
recovery of nitrogen, or it may be led directly to addi¬ 
tional recovery systems therefor. 

The apparatus and method according to the present 
invention may also be employed for the purpose of con- 


centrating nitrogen in the primary effluent product, iff 
this operation the adsorber chambers are packed with a 
4 A molecular sieve material. Also, the valve 21a is 
completely closed. The backwashing action or counter- 
B flow recycle of the primary effluent product is obtained 
by limiting cycle time of the adsorption and desorp ion 
cycles to an extremely short period, whereby oscillation 
of the concentration gradient in the adsorbent material 
is restricted to a narrow range intermediate the ends of 
to the bed of adsorbent material and of the chamber. When 
operating in this fashion the chamber portion ad,acent 
the outlet for primary effluent product serves as an 
accumulator zone for such product, whereby it is avail¬ 
able for counterflow backwashing when pressure on the 
IB chamber is reduced. This includes the product portions 
which may be held in the pores of the adsorbent as we 1 
as in the interstitial spaces of the bed beyond the oscil- 
latory gradient front. 

As an example of the procedure for concentrating 
20 nitrogen in a primary effluent product, two chambers 
13” long x 2.875” in diameter were each filled with l.uw 
grams of 4 A. molecular sieve material. Atmospheric 
air was supplied to the inlet If of the apparatus as 
shown in Fig. I at a pressure of 85 pounds per square 
2S inch absolute. The cycle timers 19 and 24 were set so 
as to actuate valves 13 and 14 at ten second intervals 
whereby flow of the air fed to the system was directed 
alternately into the adsorbent chambers 1 and 2, and so 
that while one chamber was on cycle the other chamber 
SO was off cycle and open to the atmosphere at a pressure 
of about 15 pounds per square inch absolute, by suitable 
action of the valves as previously described. 

By operation in this fashion, nitrogen nch primary 
effluent product flow was obtained wherein the primary 
’ SB effluent product contained as little as 34% oxygen. The 
f effectiveness of the operation is illustrated graphically by 
Fig 8. By suitable adjustment of the valve 23 in line 
i 12 in the apparatus as shown in Fig. I, primary effluent 
product flow was varied between 0 and 1.2 standard cubic 
, 40 feet per minute As shown, concentration of nitrogen 
t in the primary effluent product ranged from 99.25 To to 
about 65% of the primary effluent product, as determined 
t by the percentage of oxygen present in the primary prod 
uct effluent In Fig. 8 the dotted lines extending from 
a 4S points on the abscissa and ordinate of the graph scale 
f to intersect in the graph curve indicate an optimum con 
e dition As shown by the graph, under optimum condi- 

it tions, product flow was 0 8 standard cubic foot per min- 

, ute and contained 10.5% oxygen. Under these condi- 
s S0 tions. the secondary effluent product flow discharged by 
way of the line 17 of figure was 0.2 sundard cubic foot 
e for each desorption cycle At six cycles per minute, 
e therefore, the total secondary effluent discharge was 1 - 

is standard cubic feet per minute. Thus, the total discharge 

il BB of primary and secondary effluent products was 1.2 pi 
IX 0 8 or 2 0 standard cubic feet per minute, substantially 

r- equaling (he feed rate of atmospheric air. The incoming 

id air, of course, had a nitrogen content of approximately 

nt 78% or 1.56 standard cubic feet per minute of the -.0 

et «0 cubic feet per minute fed into the system A* '‘ 
n by Fig 7 at optimum condition* the primary effluent 

,ii product contained 10.5% oxygen Additionally, it may 

ut contain about 1% argon, or a total of '> 5% diluent 

ut components Thus, the primary effluent P r ° d “f' 

ct BB tained approximately 88.5% nitrogen or 0.71 standard cu 

ax Sr minute of the total 0 8 cubic foot of f>™ 

,ct effluent product. Relating this recovery to ,h « ' 5 * s ‘ an '? 

d ard cubic feet per minute of nitrogen in the feed » 

If stream, the nitrogen recovery of the method is iherefore 
,u. 70 approximately 45%. indicating an extremely efficient 
or separating technique without the need for extreme pr 
J,. sure and temperature operating conditions. Altlwigh the 
foregoing calculations are based only on the 
nitrogen oxygen and argon in the incoming feed stream, 
in. 78 it is to be not* that both water vapor and carbon dioxide 
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in the original feed will be separated by the adsorbent 
material and discharged with the secondary effluent 
product. 

Fig. 9 diagrammalically illustrates a system which may 
be operated according to the method of the present in¬ 
vention whereby to concentrate both oxygen and nitro¬ 
gen from atmospheric air, and wherein the secondary 
effluent product discharged from separate nitrogen and 
oxygen concentrating components of the system is em- 


Thia system also employs a recycle or reflux purge stream 
derived from the primary effluent product of the ad- 
aorber on cycle to backwash the adsorbent material in 
the adsorber which is off cycle. The secondary effluent 
product in this system is a mixture of air, water vapor, 
carbon dioxide, and other trace contaminants and is 
discharged directly to the atmosphere through the valves 
111 and 114 depending upon which adsorber is on the 
desorption cycle. At the same time the compressor 244b 


ployed to enrich the air feed stream supplied thereto. 10 inspirates a stream of atmospheric air through the con- 


The apparatus combination illustrated by Fig. 9 employs 
a series of adsorber systems similar to the one illustrated 
by Fig. 1. These systems are combined and employed 
for the purpose of fractionating atmospheric air to pro¬ 


duct which includes the surge tank 2Ma, discharging air, 
at approximately 63 pounds per square inch absolute, 
into the inlet cpnduit 211 of the drier system in which 
the component parts are numbered in a 200 series. In 


duce two product streams of which one is rich in nitro- IS this system, also the adsorber chambers 201 and 202 are 


gen and the other is rich in oxygen. In the method con¬ 
templated by this combination the secondary effluent 
product of one adsorber concentration system is cross- 
cycled so as to provide at least a portion of the feed 
for the other adsorber concentration system. 

In the combination illustrated, four adsorber systems 
are employed. In each system the component parts are 
designated by numerals directly comparable with those 
to designate similar parts in the system illustrated by 
Fig. I except that the numerical designation will be in 
either a 100, 200, 300 or 400 series. Thus the system 
for concentrating oxygen is in the 300 series while the 
system for concentrating nitrogen is in the 400 series. 
The systems for removing moisture and carbon dioxide 
from the feed to each of the nitrogen and oxygen con¬ 
centration systems are numbered in the 100 and 200 
series respectively. Thus the feed to the nitrogen con¬ 
centration system passes through a drier system numbered 
in the 100 series, while the feed to the oxygen concentra- 


packed with activated alumina for the purpose of frac¬ 
tionating or separating water, carbon dioxide and other 
trace contaminants in the same fshion as the 100 series 
adsorber system, and discharging the separated key com- 
20 ponent portion of the feed stream as a secondary effluent 
product by way of the valves and connecting conduits 
including valves 213 and 214. 

The respective drier systems discharge a primary 
effluent product, which is air from which water, carbon 
25 dioxide and other contaminants have been removed by 
way of their respective discharge conduits 112 and 212. 
The conduit 112 communicates with an accumulated 
chamber IMr, while the conduit 212 communicates with 
a separate accumulator chamber 246c. 

SO From the accumulators IMr and 2Mr. the primary 
effluent product of the related 100 and 200 series drier 
systems is passed respectively to the nitrogen and oxygen 
concentrator systems. As previously mentioned. 4 A. 
molecular sieve material has been found to l-e an ex- 


tion system passes through a drier system numbered in M cellent adsorbent for selectively removing oxygen from 
the 200 series. air, w ^reby to concentrate nitrogen in the primary 

Each of the drier svstems includes an inlet conduit 111 effluent product of the system. In the apparatus repre- 
and 211 respectively, connected to the discharge of a aented and illustrated by Fig. 9. the adsorber chambers 
compressor or pump 1Mb and 2Mb respectively. The 441 and 442 are preferably packed with this material 
inlets of the respective pumps are connected to conduits 40 The primary effluent product delivered to the accumulator 


which include non-mixing air surge tanks 144a and 244a 
respectively. These tanks are each packed with an inert 
loose granu'ar or fibrous material such as glass wool, 
glass beads, aluminum pellets, etc., which offer a sub¬ 
stantial resistance to mixing. The tanks open to the at¬ 
mosphere at one end and as indicated are connected at the 
other end to the inlet of a compressor pump 1Mb or 2Mb. 
The primary effluent product discharge from each of the 
adsorbers systems in the 1M or 2M series it delivered 


244c by way of the discharge line 212 is passed there¬ 
from through lines 311 to the feed inlet of the adsorber 
system for concentrating oxygen. In this system the ad¬ 
sorber chambers 341 and 342 may be packed with cither 
3 A. or!3 A. molecular sieve material, these materials 
as indicated above having a selective affinity for nitrogen 
whereby the primary effluent product discharged by way 
of the line 312 will be an oxygen-rich product. 

In each of the nitrogen and oxygen concentrating sys- 


bv means of the conduits 112 and 212 respectively to 40 terns the secondary effluent product, which in the first in- 


accumulator chambers 144r and 244c respectively. 
Thence, these primary product effluents are delivered to 
the respective nitrogen and oxygen concentrator systems 
by way of feed conduits 411 and 311 respectively. Pro¬ 
vision is made in the apparatus combination illustrated for 
cross-cycling the secondary effluent product of each of 
the 300 and 400 series systems by cross-connection of the 
secondary effluent product discharge conduits 317 and 417 
to the inlets of the compressors 1Mb and 2Mb respcc- 


stance will be relatively rich in oxygen, and in the sec¬ 
ond instance relatively rich in nitrogen is cross-cycled 
to the inlet of the compressor pump providing the initial 
feed for the oxygen and nitrogen adsorber systems re¬ 
spectively. Thus the secondary product effluent from the 
adsorbers Ml and 442 is discharged by way of conduits 
41S and 416. 414 and 417. of which the latter is con¬ 
nected to the inlet to the compressor 2Mb downstream 
from the surge chamber 244u The secondary effluent 


lively, intermediate these compressors and their asso- 40 product from the adsorbers 341 and 342 is discharged 


ciated surge tanks 144a and 244a. 

In the apparatus combination as illustrated by Fig. 9, 
the two compressor pumps. 1Mb and 2Mb, inspirate air 
from the atmosphere through the respective surge tanks 


by way of the conduits 31S. 316. 314 and 317, of which 
the latter is connected to the inle. of the compressor 
pump 144b downstream from the surge tank 144a. The 
surge tanks 144a and 244a are adapted to avoid loss of 


144a and 244a. The pump 144b feeds the drie system 44 the secondary effluent products from the respective mtro- 
in which the component parts are designated by numerals gen and oxygen concentrators. It is contemplated that 
in the 100 series. The feed stream from pump 1Mb each tank will have a volume adequate to accommodate 
enters this system through the conduit 111 at a pressure. the volume of gas in standard cubic feet which is dis- 
for example, of about 65 pounds per square inch absolute, charged from one of the adsorber chambers in the mtro- 
and is cycled between the adsorber chambers 141 and 142 70 gen and oxygen concentrating systems when the pressure 
substantially in the manner described with reference to in the chamber is reduced from the adsorbing pressure 
Fig. I. In this system, the adsorbent material preferably of any given value to a pressure approximating that of 
will be one selective for water vapor, carbon dioxide and the atmosphere. . . . . , 

trace contaminants such as hydrocarbon vapors. A suit- As previously indicated, each of the adsorber systems 

able adsorbent for this purpose is activated alumina. 74 in the combination apparatus of Fig. 9 is comparable to 
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the system as illustrated by Fig. 1. Likewise, the drier 
systems in this combination art operated according to 
the method recited in connection with Fig. 1 as arc the 
oxygen and nitrogen concentrating systems. Each sys¬ 
tem may be provided with its own cycle timer (not g 
shown) and the cycle period adjusted to provide the 
most efficient operation conditions. 

Although the description as set forth above exempli¬ 
fies the method with reference to its employment for cer¬ 
tain specific purposes, the invention is not to be con- jo 
sidereu as especially limited to such use. Other gaseous 
mixtures may be purified and concentrated by the frac¬ 
tionation procedure set forth, wherein a component por¬ 
tion of a gaseous feed material is adsorbed and desorbed 
cyclically by a bed of an adsorbent matqjial selective jg 
therefor under cycling differential pressure conditions; 
wherein a concentration gradient of the adsorbed ma¬ 
terial having a low concentration front is oscillated in an 
area of the adsorbent bed intermediate the ends thereof; 
and wherein during the desorption cycles, at least a 20 
portion of the primary effluent product of the adsorp¬ 
tion step is passed through the adsorbent bed in counter- 
flow relation to the flow direction of the feed material 
during the adsorption cycles. 

As pointed out above, the present invention is con- 2S 
cerned with a method of fractionating a gaseous material. 

In essence, the operation comprises flowing a stream of 
gaseous material through a bed of adsorbent at a pre¬ 
selected initial pressure and flow direction. The adsorb¬ 
ent is selective for at least one component fraction of 
said material. The stream is flowed through the bed 
for a first cycle period less than that required for the 
bed to come to equilibrium with the component fraction. 

A primary effluent product comprising an unadsorbed 
portion of the feed stream is discharged from the bed. J5 
At the end of the first cycle period, the flow of the feed 
stream is interrupted and the initial pressure on the bed 
reduced The adsorbed components are desorbed from 
the bed at the reduced pressure. These desorbed com¬ 
ponents are discharged from the bed in a flow direction 40 
opposite to the flow direction of the feed stream of the 
gaseous material for a second cycle period. During the 
second period at least a portion of the primary effluent 
product is passed through the bed in a flow direction of 
the desorbed component fraction. This latter mixture ^ 
comprising a portion of the primary effluent product 
and the desorbed component is discharged from the bed 
as a secondary effluent product. The cycle periods are 
adjusted for a time duration adapted to develop a con¬ 
centration gradient of the component fraction in said bed ^ 
wherein the gradient has a front of lowest concentration 
in a rone intermediate the ends of the bed. An oscilla¬ 
tory movement is imparted to the front substantially 
within the limits of the rone in a direction and for a 
distance which corresponds respectively to the direction M 
of the flow through the bed during each cycle period 
and to the duration thereof. 

What is claimed is: 

I. A process for the removal of a key component 
from a gaseous mixture stream utilizing two adsorbent 
beds each of which is characterized by having a one end 
and an other end, said process comprising the steps of 
flowing a feed stream of a gaseous mixture including a 
key component from one end to the other end through 
a first bed of an adsorbent initially relatively free of said 
l.y component at a preselected initial relatively high 
pressure and in a positive flow direction in an initial 
cycle, said adsorbent being preferentially selective for 
said key component, discharging said gaseous mixture 
stream from said first bed as a primary effluent; segre¬ 
gating a portion of said primary effluent as a product 
stream and withdrawing the tame; passing the remainder 
of said primary effluent in reverse flow from the other 
end to the one end through a second bed of adsorbent 
at a relatively low pressure, which adsorbent is rela- 
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lively saturated with said key component as compared 
to said first bed at the start of said inital cycle, where¬ 
by as said initial cycle continues, said first bed b ecomes 
relatively saturated with said key component progres¬ 
sively from said one end toward said other end, and 
whereby said second bed becomes relatively freed from 
said key component from said other end toward said one 
end; continuing said initial cycle for a time period less 
than that required to secure saturation of said first bed 
at said other end and that required to secure freedom 
from said key component of said second bed at said one 
end; thereafter introducing said feed stream into said one 
end of said second bed in positive flow direcuon at said 
initial relatively high pressure; discharging said gaseous 
mixture stream from said other end of said second bed 
as a primary effluent; segregating a portion of said last 
named primary effluent as a product stream and with¬ 
drawing the same, passing the remainder of said last 
named primary effluent in reverse flow from said other 
end to said one end through said first bed of adsorbent 
at said relatively low pressure, and thereafter cyclically 
continuing the operation. 

2. A method of fractionating a gaseous mixture of at 
least two components comprising, at a preselected initial 
relatively high pressure and initial positive liow direction, 
flowing a first feed stream of said gaseous material 
through a first bed of adsorbent selective for a first com¬ 
ponent of said gaseous mixture, for a first cycle period 
less than required for said first bed to come to equilibrium 
with said first component; flowing a second feed stream of 
said gaseous mixture through a second bed of an adsorb¬ 
ent selective for a second component of said gaseous mix¬ 
ture, for a first cycle period less than required for said 
second bed to come to equilibrium with said second com¬ 
ponent; discharging the unadsorbed portion of each said 
first and second streams from said first and second beds 
as first and second primary effluent streams respectively; 
interrupting flow of each said first and second feed streams 
at the end of said first cycle period and reducing said 
initial pressure on each said first and second beds; de¬ 
sorbing each said first and second components from said 
respective first and second beds at said reduced premure, 
and discharging said desorbed first and second components 
from said respective beds in a flow direction opposite 
to that of said first and second feed streams of said 
gaseous material, during said second period flowing at 
least a portion of said first and second primary effluent 
streams respectively through said first and second beds 
in the flow direction of said component desorbed there¬ 
from and discharging said first and second primary effluent 
portions from said respective beds together with said first 
and second cmnponents desorbed from said beds as sec¬ 
ondary effluent streams; adjusting said cycle periods for 
a duration adapted to develop in each said first and 
second beds a concentration gradient of said respective 
first and second components in said respective beds; im¬ 
parting oscillatory movement to said fronts substantially 
within the limits of said zones in a direction and for a 
distance which correspond respectively to the direction of 
flow through said beds during each cycle period and to 
the duration thereof; and preferentially flowing at least 
a portion of said secondary effluent streams discharged 
from said first and second beds during said secoud cycle 
period through said second and first beds respectively 
during said first cycle period; and conducting the frac- 
48 tionation in a manner that substantially the sole transfer 
of heat to and from the gas occurs in said beds. 

}. A method according to claim 1, wherein said gase¬ 
ous mixture is air and said component includes water 

vn v *P° r 

' 4. A method according to claim 1 wherein said gase¬ 

ous mixture is air, and said component includes nitrogen. 

J. A method according to claim 4, wherein said ad¬ 
sorbent is a molecular sieve material having a pore size 
yg of about 5 Angstroms. 
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6- A method according to claim 4, wherein said ad¬ 
sorbent is a molecular sieve material having a pore size 
of about 13 Angstroms. 

7. A method according to claim 1, wherein said gase¬ 
ous mixture 'S air, and said component includes oxygen. 

R. A method according to claim 7. wherein said ad¬ 
sorbent is a molecular sieve material having a pore size 
of about 4 Angstroms. 

9. A method of fractionating a gaseous mixture of at 
least two components consisting essentially of the steps 
of flowing a feed stream of said gaseous mixture at a 
preselected initial relatively high pressure and in an initial 
positive flow direction through a fixed bed of an adsorb¬ 
ent, selective for at least one component of said mixture, 
for a first cycle time period less than required for said 
bed to come to equilibrium with said component, dis¬ 
charging the unadsorbed portion of said feed stream as 
a primary effluent stream; interrupting flow of said feed 
stream at the end of said first cycle period and reducing 
said initial pressure on said bed at the inlet end, desorbing 
said component from said bed at a reduced pressure, and 
discharging said desorbed component from said bed in 
a flow direction opposite to that of said feed stream of 
gaseous material, for a second cycle time period, during 
said second time period flowing at least a portion of 
said primary effluent stream through said bed in the flow 
direction of said desorbed component and discharging 
said portion of primary effluent portioo from said bed to¬ 
gether with said desorbed component as a secondary 
effluent stream; said time periods being each of such short 
duration that the heats of adsorption and desorption are 
substantially balanced within said bed and that substan¬ 
tially the sole transfer of heat to and from the gas occurs 
in said bed, thereby eliminating the need for the transfer 
of heat externally with respect to said bed; adjusting said 
cycle periods for a duration adapted to develop an oscillat¬ 
ing concentration gradient of said component in said bed 
which remains in the bed during both the adsorption and 
desorption cycle, and imparting oscillatory movement to 
said front substantially within the limits of said bed. 

10. Process as defined by claim 9 wherein said feed 
stream comprises air, wherein said one component com¬ 
prises water vapor, wherein said adsorbent is selected 
from the class consisting of alumina, silica gel, and 
Mobilbeads of V* to 8 mesh and wherein said frst cycle 
period is less than that required for a total volume of 
air equivalent to fifteen times the gross volume of said 
adsorbent to flow through said bed, said air volume being 
measured at the temperature and pressure existing in 
said bed on the adsorption cycle. 

11. Process as defined by claim 9 wherein said gase¬ 
ous material comprises air. wherein said adsorbent com¬ 
prises a molecular sieve and wherein said component 
comprises nitrogen. 

12 Process as defined by claim 1 wherein the time of 
each cycle is for a time period so that the partial pres- 
sure of the key component in the gas phase at the dis¬ 
charge end of said second bed does not deviate substan¬ 
tially from the partial pressure of the key component 
in the gas phase at the inlet of said first bed. I 

13. A process for the removal of water vapor from a 
gaseous mixture stream comprising flowing a feed stream 
of gaseous mixture comprising water vapor from one 
end to the other end through a first bed of a relatively 
dry adsorbent at a preselected initial relatively high < 
pressure and in a positive flow direction in an initial cycle, 
said adsorbent being preferentially selective for said water 
vapor, discharging the dry portion of said gaseous mix¬ 
ture stream from said first bed as a primary effluent, 
segregating a portion of said primary effluent as a dry 7 
product stream and withdrawing the same, passing the re¬ 
mainder of said primary effluent in reverse flow from one 
end to the other end through a second bed of adsorbent 
at a relatively low pressure which adsorbent is relatively 
saturated with water vapor as compared to said first bed 7 


■•V 

I- at the start of said initial cycle, whereb/ as said initial 

* cycle continues, said first bed becomes relatively saturated 
with water vapor progressively from said one end toward 

!- said other end, and whereby said second bed becomes 
'• 8 Progressively relatively dry from the one end toward 
I- said other end, continuing said initial cycle for a time 
e period less than that required to secure complete satura¬ 
tion of said first bed at said other end and that required 
it to secure complete dryness of said second bed at said 

* 10 other end. thereafter introducing said feed stream into 

a said second bed at said other end in positive flow direc- 
,1 'ion at said initial relatively high pressure, discharging 
i- the dry portion of said gaseous mixture stream from said 

:, one end of said second bed as a primary effluent, segregat- 

d 15 mg a portion of said primary effluent as a dry product 

stream and withdrawing the same, passing the remainder 
s of said primary effluent in reverse flow from said other 
i end to said one end through said first bed of adsorbent at 
g said relatively low pressure, and thereafter cyclically con- 
i 20 tinumg the operation. 

14. Process as defined by claim 13 wherein the time 
l of each cycle is for a time period so that the partial 

f pressure of the water vapor in the gas at the discharge 

« a. « °*. said sccond does not deviate substantially 

f -5 from the partial pressure of the water vapor in the gas 
I at the inlet of said first bed. 

! 15. Process as defined by claim 13 wherein a region 

of lowest concentration of moisture continually exists on 
1 <aid adsorbent material intermediate the point of intro- 
t 30 duction of said mixture stream into said first bed and the 
: point of withdrawal of said secondary effluent product 

from said second bed. 

i 16. Operation as defined by claim 13 wherein said 

r cycle is maintained for a time period sufficiently short 

I 35 so that the temperature of said beds is substantially 
ambient 

17. Operation as defined by claim 13 wherein said beds 
I are self-contained with respect to the transfer of heat. 

' ah l8 ' A method for fractionating a gaseous mixture, 

•to comprising cyclically and alternately flowing a feed stream 

1 of said mixture at a selected initial relatively high pres- 

’ sure through each of two confined adsorption zones into 

I contact with an adsorbent material contained in each. 

said adsorbent being selective for at least one key compo- 
| 40 nent portion of said mixture: progressively adsorbing at 
least said key component portion from said mixture 
stream in one of said zones at said selected relatively high 
pressure, whereby an increasing concentration gradient of 
said key component on said adsorbent will advance in 
00 the direction of flow, discharging said feed stream from 
said one zone, under substantially the initial pressure 
thereof, as a primary effluent product; withdrawing at 
least a portion of said primary effluent product discharged 
from said one zone; flowing said withdrawn portion 
60 through the other of said zones at a secondary relatively 
low pressure in a counterflow direction relative to the 
flow direction of said initial stream through each of said 
zones; progressively desorbing said key component por¬ 
tion previously adsorbed therein, whereby a decreasing 
00 concentration gradient of said key component oi, said 
adsorbent will advance in the direction of counterflow and 
discharging a secondary effluent product from said other 
zone, said secondary effluent product comprising said 
portion of said primary effluent product and said key com- 
00 ponent portion, carrying out said cycles for time periods 
whereby said key component is never completely removed 
from either zone, and conducting said operation in a first 
phase under conditions that the volume of said portion 
of sard primary effluent product at said relatively high 
70 initial absolute pressure bears a greater ratio to the tola' 
volume of said primary effluent than said relatively low 
absolute pressure bears to said relatively high pressure 
until a predetermined degree of saturation is attained in 
said zones, and thereafter in a second phase continuing 
7f said operation under conditions wherein the volume of 
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said portion of said primary effluent product at said high 
pressure bears substantially the same ratio to the volume 
of said primary effluent as said low pressure bears to 

said high pressure. . . _ 

19 Process as defined by claim 18 wherein R repre¬ 
sents said portion of said primary effluent product in 
s.c.f.m., wherein (R + D) represents said primary effluent 
product in s.c.f.m.. wherein P, represents said initial ab- 
solute Pressure and P, 


ing a feed stream of said mixture at a selected initial rela¬ 
tively high pressure through a confined adsorption zone 
into contact with an adsorbent material, said adsorbent 
being selective for oxygen of said mixture «>n*“ n “J 
said zone under conditions that the heats of adsorption 
and desorption are substantially balanced within “ne. 
and conducting the fractionation in a manner that sub¬ 
stantially the sole transfer of heat in said zone occur 
between said material and said stream flowing there- 

UWWWU . . __ from caul mil ure 


solute pressure and p 0 represents said secondary absolute drouth, progressively adsorbing oxygen from said mature 
pressure, carrying out the operation in said initial phase 10 rone wb ereby an increasing concentration 


in a manner that R is greater than 
R+D 
iyPo 


tnrougn, progressively — .- -_ 

stream in said zone, whereby an increasing concentrauon 
gradient of oxygen on said adsorbent will advance in the 
direction of flow; discharging the remainder of said mix¬ 
ture stream from said zone, under substantially the inia 


P ' ,F ‘ , ts nresiurethereof as arutrogen-nch effluent product 

and wherein in said second phase R substantially equals 18 pr«^ the , eafter a t the inlet end reducing the pressure 
o , D to a secondary relatively low pressure and progressively 

■ :g - desorbing said oxygen adsorbed therein, whereby a de- 

creasing concentration of said oxygen on said adsorbent 

» 'XSZZZtm ” SieSTScSum tSSSlS ,mu“r?c3»d" 

effluent^ fractionating a gaseous mixture, whereby said oxygen component is never completely re- 

21. A melh “ f “ r r “ „<? a feed stream moved from said zone and whereby an oxygen concen- 

o°™affl S mfxmre'at a ^elected^iniUal relatively high pres- “ uation gradient will remain in said zone during both the 

ihrmiph each of two conlined adsorption zones into adsorption and desorption cycle, 
sure through each of two com.nea . r ea:h 26 . An apparatus for adsorptive fractionation of a 

contact with a " , clive for at least one key com- gaseous mixture, said apparatus comprising (I) two sepa- 

said adsorbent adsorbing at , 0 lately defined chamber vessels, ( 2 ) a body of adsorbent 

^''^'"iM'kev'co^nnonent'pornon'frmri'sacd'mixture stream *° material in each of said vessels, said bodies being prefer- 
least saidi key P selected relatively high pres- entially adsorptive of at least one and the same com 

m one of “rf zones at sm ,, con ~ mrj(ion padient of ponent of said mixture, (3) primary inlet conduit means 

Sa'sn-SsSS-t - S«Si=«? 


direction ot now; him,..-.*...* -- . . 

ture stream from said first zone, under substanUally he 
initial pressure thereof, as a primary effluent P™"*; 
withdrawing at least a portion of said primary Hflu“* 
product discharged from said one zone; flowing said wit 
■ .• _turn caift 7 onts at a 


gasCOUS liuuuic »u«y —-- ' . . 

means in said primary inlet conduit means whereby the 
supply of said gaseous mixture to said vessels may be 
alternated from vessel to vessel, (5) primary outlet con¬ 
duit means connected to each of said vessels where- 


oroduct discharged from said one zone, flowing saio wun- duit means connec.eu u ------ 
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drawn portion uiruugu w.-- 

secondary relatively low pressure in a counterflow d.rec 
lion relative to the flow direction of sa,d ,nd,al . s ‘ r ”"J 
through each of said zones; progressively de*,rb,ng utd 
key component portion previously adsorbed therem, 
whereby a decreasing concentration of said‘ key . c0 "’l 45 
ponent on said adsorbent will advance in the direction of 
flow and discharging a secondary effluent product from 
said other zone, said secondary effluent comprising said 
portion of said primary effluent product and saWkeycom; 
ponent portion, carrying out said cycles to -urn. M 


tnrougn maivij —-— - 

sels as a primary effluent product, said primary outlet 
conduit means and said primary inlet conduit means be¬ 
ing so connected to said vessels to establish therebetween 
in each vessel a primary path of flow of gaseous material 
through each of said bodies of adsorbent material, ( 6 ) 
reflux conduit means connected to each of said vessels 
wherethrough at least a portion of said primary effluent 
product removed from either of said vessels may be di¬ 
rected into the other vessel, said reflux conduit means in¬ 
cluding pressure regulating control valve means whereby 


nortion carrying out said cycles for time periods eluding pressure regulating control vaive means 
* ?"*" ■if^i srr component is never completely removed 60 a substantially constant preselected pressure may be mam- 
whereby ._notation under con- tained downstream of said control valve means in the 


wnereny saio *cy wwiuhwiiv..* -— ■ . • . 

from either zone and conducting said operation “" d * r 
dilions that the total volume of said primary e ™ ue "* d 
vided by the volume of primary effluent passed to said 
other zone is less than the absolute high pressure divided 
bv the absolute low pressure. . 

22 Process as defined by claim 21 wherein R repre¬ 
sent, said portion of said primary effluent product in 
s.c.f.m., wherein (R + D) represents said P r !™ ry 


at SUUMaUltailJ fcwnaiw... -— * 

tained downstream of said control valve means in tne 
direction of said other vessel for a lange of pressures ot 
said primary effluent product exceeding sa.. reselected 
„ pressure, ( 7 ) secondary outlet conduit mea connected 
65 to each of said vessels wherethrough gaseous material 
may be removed from said vessels as a secondary effluent 
product, said secondary outlet conduit means and said 
reflux conduit means being so connected to said vessels 


■—« , D , 1)1 represents sa d primary emuem re flux conduit means oe.ng so wmiw.™ - - 

r».».«— «■■ - 

than Din flow therethrough, and ( 8 ) valve means in said second- 

_ ary outlet cooduit means whereby the removal of said 

” ,/p ° 85 secondary effluent product from said vessels may be al- 

M Process as defined by claim 13 wherein said gaseous ,ernated from vessel to vessel. 

23. process as uei ncu y apparatus according to claim 26 in which said 

m '* 4 Uf prrcess*as defined by claim 13 wherein the volume valve me ans in said primary inlet conduit means and 

of orimL^y effluent passed to said second bed at said high vlJve me a„s ,n said secondary outlet conduit means 

pressure is about the same ratio to the total volume of 70 gelher comprlS e two three-port valves, one of which may 
primary effluent as the ratio of the absolute pressure alternately permit supply of said gaseous mixture into 

ofthe low pressure unit is to the absolute pressure of ^ remov4 , of sa ,d secondary effluent product from one 

the high pressure unit. m ;,ture of said vessels, and the other of which may alternately per- 

25. A method for fractionating a -- ^ supp iy 0 f said gaseous tnuture into and removal of 

stream comprising oxygen and nitrogen, comprising flow- 78 pp 


orouiici in s.c.i.ni., ■ i - • _ 

sure and P„ represents said secondary pressure, c arrying 
out the operation in a manner that R is somewhat greate 
than 

R+D 

P,/P, 

23. Process as defined by claim 13 wherein said gaseous 

m 2 i U Pr“Tss r « defined by claim .3 wherein the volume 
of primary effluent passed to said second bedl .1I ».I high 
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said secondary effluent product from the other of said of said third and fourth lessels wherethrough gaseous 

vessels. material may be removed from said vessels, said second 

28. An apparatus according to claim 26 which includes secondary outlet conduit means being so connected to said 

actuating means for said valve means in said primary in- third and fourth vessels with respect to the connections 

let conduit means and said valve means in said secondary 6 of said second primary outlet conduit means thereon 
outlet conduit means whereby both said valve means are to establish therebetween in each vessel a secondary path 
alternately and cyclically thrown to permit start of sup- of flow of gaseous material through each of said bodies 
ply of said gaseous mixture to a first one of said vessels of adsorbent material in said vessels which is suhstan- 
at least no later than start of removal of said secondary tially coincident with and opposite in direction to said 
effluent product from a second one of said vessels and 10 primary path of flow therethrough. (14t valve means 
start of supply of said gaseous mixture to said second one in said second secondary outlet conduit means wheiebv 

of said vessels at least no later than start of removal of the removal of gaseous material from said bird and 

said secondary effluent product from said first one of said fourth vessels through said second secondarv out :t urn 

vessels. a tluit means may be alternated from vessel to vessel. 

21 An apparatus for adsorptive fractionation of a 15 (15) first compressor means designed to handle ga-eous 
gaseous mixture w'hereby at least two gaseous primary material and characterized by suction and discharge re 

effluent produeis may be generated, one of said primary gions, said first compressor means being so connected a 

effluent products being relatively rich in one of said com- its discharge region to said first primary inlet conduit 
ponents of said mixture and the other of said primary means that compressed gaseous material leaving said hrsi 
effluent products being relatively rich in another of said 20 compressor means may flow toward eiihcr of said first 
components thereof, said apparatus comprisinc (I) sepa- and second vessels according to the selling of said valve 

ratelv defined first and second chamber vessels, (2) a means in said first primary inlet conduit means <tb> 

hodv of adsorbent material in each of said first and sec- second compressor means designed to handle gaseous 

ond' vessels, said bodies being preferentially adsorptive material and characterized by suction and discharge re 

of only one and the same of the components of said 25 gions, said second compressor means being so connected 

gaseous mixture in which one of said primary effluent at its discharge region to said second rnmarv inlet con- 

products is relatively rich. Of first primary inlet conduit duit means that compressed gaseous material leaving 

means connected to each of said first and second vessels said second compressor means may flow toward enhei ot 

whore through gaseous material mav be supplied to said said third and fourth vessels according to the setting of 
vessels (4) valve means in said first primary inlet con- 30 'aid valve means in said second primary inlet conduit 

duit means wherebv the supply of gaseous material to means, (17) first supply conduit means wherethrough a 

said first and second vessels may be alternated from stream of said gaseous mixture may be furnished from 
vessel to vessel (5) first primarv oullet conduit means a source of said mixture, said first supply conduit means 

connected to each of said first and second vessels where- being connected to the suction region of saiJ first .on. 

through gaseous material may he removed from said ves- 35 pressor means, 118) second -uprlv conduit means where 
scls as a first primary effluent product, said first primary through a stream of said gaseous mixture may be fur 

outlet conduit means and said first primary inlet conduit nished from a source of said mixture, said second supply 

means being so connected to said first and second vessels conduit means being connected to the suenon region ot 

to establish therebetween in each vessel in a primary path said second compressor means, 1 l**t first transfer con 

of flow of gaseous material through each of said bodies 40 duit me*"* connected between said first secondary ou«- 
of adsorbent material in said vessels, (6) first secondary let conduit means and said second supply conduit neans 

outlet conduit means connected to each of said first and wherethrough gaseous material may flow to said second 

second vessels wherethrough gaseous material may be re- supply conduit means from either of said first and second 

moved from said vessels, said first secondary outlet con- vessels according to the setting of said valve means in 

duit means being so connected to said first and second said first secondary outle* conduit means, and (20) sec- 

vessels with respect to the connection of said first primary 45 ond transfer conduit means connected between said sec 
outlet conduit means thereon to establish therebetween in ond secondary outlet conduit means and said hrsi supply 

each vessel a secondary path of flow of gaseous material conduit means wherethrough gaseous material may How 

through each of said bodies of absorbent material in said to said first supply conduit means from cither ol 

vessels which is substantially coincident with and op- third and fourth vessels according to the setting of saw 

posite in direction to said primary path oi flow there- valve means in said second secondary outlet conuuo 

through. (7) valve means in said first secondary outlet means. 

conduit means whereby the removal of gaseous material 30. An apparatus according to claim .V which include' 

from said first and second vessels through said first second- a surge chamber in each of said first am) second Miff* 

ary outlet conduit means mav be alternated from vessel to conduit means, said chambers being turther respective > 

vessel. <K) separately defined third and fourth chamber 65 from the suction icg.ons of said first and second com 
vessels. (9) a hodv of adsorbent material in each of said pressor means than are the connections of said second 

third and fourth vessels, said bodies each being preferen- and first transfer conduit means on said first and second 

tially adsorptive of the other only of the components ot supply conduit means. 

said gaseous mixture in which one of said primary effluent 31. An apparatus according to claim which incudes 

products is relatively rich. (10) second primary inlet actuating means for said valve means in said fust primc.rv 

conduit means connected to each of said third and fourth inlet conduit means, said valve means in said ust sec 

vessels wherethrough gaseous material may be 'upplicd ondury outlet conduit means >aid valve n 'saijN in sa 

to said vessels. (ID valve means in said second primary second primary inlet conduit means, and said valse means 

inlet conduit means whereby the supply of gaseous male- •" 'aid second secondary outlet conduit means 

rial to said third and fourth vessels may he alternated W said several valve means arc alternately and cyclically 
from vessel to vessel. (12) second primary outlet conduit thrown to permit start of supplv ol gaseous materia 

means connected to each of said third and fourth vessels to said first and third vessels at least no Utci respes^ 
wherethrough gaseous material may he removed from said lively than start of icmoval of gaseous material from sa» 

vessels as a second primary effluent product, said second second and fourth vessels and start of supply of gaseous 

primary outlet conduit means and said second primary 70 material to said second and fourth vessels at least no 
inlet conduit means being so connected to said third and later respectively than start of removal of gaseous mate 

fourth vessels to establish therebetween in each vessel a rial from said first and thud vessels 

primary path of flow of gaseous material through each of 32. An apparatus according to claim .9 which includes 

said bodies of adsorbent material in said vessels. (13) see- reflui conduit means connected to each of at least saw 

ond secondary outlet conduit means connected to each 75 first and second vessels wherethrough at least a portion of 
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said first primary effluent product removed from either 
of said vessels may be directed into the other vessel, said 
reflux conduit means including pressure reducing means, 
and said reflux conduit means being so connected to said 


and that substantial equilibrium exis-.s between the mois¬ 
ture in the gas and on the adsorber! at said other eud 

of said second bed. , 

jy A method for fractionating a gaseous mixture 


and said reflux conduit means being so connected to saiu ”■ r :V| n e flosvinc i feed stream of said mixture at a 

first and second vessels with respect to the connectj • « * . iveh . hi , h pressure into one end and 


HIM mu SUI'IIU va«vu • * r«-■ — - 

of laid first second.*)ry outlet conduit means thereon to 
establish therebetween in rich vessel a path of flow of 
gaseous material through each of said bodies of adsorbent 
material from said reflux conduit means to said first sec- 


selected initial relatively high pressure into one end and 
through a confined adsorption lone into contact with an 
adsorbent material selective for at least one component 
of said mixture, progressively adsorbing said one com- 

• . • __1_ .■>!.< u n^r#nV 


incident with and op^site in direction to sa.d primary an^i ^ ^ wil , Advance in the direction of 

P t^ara^^rding to c-aim 79 which include, elflucm 

(I) a fuel preliminary adsorptive fractionating means *. thereafter stopping the flow of said feed stream. 

ire'^r;: wich' 15 srsr si: 

said firs, and second primary effluent products are r.la- >7 rcK‘ i£rt,Kl one 

lively riih and substantially non adsorptise of either of • ■dmrbent and backflowing 

said latter components, said firs, preliminary adsorptive component c „ c 

-as wass Bsarsss - g 

5 tes^»s=ra»r *% 33 £r 3 SSS 3 


S&sStfss?'rsar- ; = „s,/r ctsss atss 

said latter components, said second preliminary au.orp , ,and nid cradiert 

35 U if • font of .owes, concentration immediate *. 


therein and an outlei region for discharging non-ad orbed ends of sai 
gaseous material, and said second preliminary adsorptive 3b. rroc 

fractionating means being installed intermediate said dis- sorbent con 

charge region of said second compressor means and said 
second primary inlet conduit means with its inlet region go Is** 

connected to said discharge region of said second com- 
pressor means, (3) a first accumulator chamber installed ^ gQg 

intermediate said outlet region of said first preliminary 2 69q'g37 

adsorptive fractionating means and said first primary 2 70 ’ g’h 

inlet conduit means, and (4) a second accumulator gg j’ 747'681 
chamber installed intermediate said outlet region of said 2R0O197 

second prcliminaiy adsorptive fractionating means and 2gt5 089 

said second primaty inlet conduit mca“s. 

34. Process as defined by claim 13 wherein the time 
of each cycle is for a time period so that substantial #0 
equilibrium exists between the moisture in the feed s earn Journal 

and on the adsorbent at said one end of said first bed, December 


ends of said eone. 

36. Process as defined by claim 25 wherein said ad- 
soibent comprises 4 A. molecular sieves. 
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Adsorptionsverfahren 

Patcnlicrt ini Gcbict dcr nunucstcpubiik Dculscbluiid vom 2. Juli 19*»2 an 
Dcr Zcitraum vom 8.Mai 1&-15 bis einstblicfliiiii 7.Mai 1950 wild <-uf die I’atenldauor nicht ai.ijorciiinet 

(Cos. v. 15.7.51) 

Pateiitanmclduny Lckaiiiilgeir.uilit am 27. September 1951 
PateRterteiluny bofcaiintgomaclit am 19. Februar 1953 


Es ist bokannt, zur Enncrnung odor Gcwinnuti" | 
von Mischungsbe'standtcilcn jus Gasgeniischcn AJ- j 
sorptiottsvei iiiiircn anzitwenden und mil Adsorp- 
tionsiuiitcni geudho Dchalier, dio sogcnaunicn Ad- . 
5 sorber, panrweise atutiordiion, welciie /mu /week j 
rler Absorption und Desorption poriodiseh uin;;c- • 
sciial-.vt werds'ii. I’.ei der Desorption dttrcit Spiiliii:" j 
mittcls einos Gases odor dttroii KvaWuiorun" wild j 
das G:.s in der Kegel. in ontgegengesot/ter Kicntiing j 
,o zur Gasstriiniung wiihrend «!e.< Adsorptionsvor* [ 
gauges goii'titn. Man war Itisi.er bestubt, vor !I 
jjinn jodcs elu/e’inen Adsorplionst oi gauges tins Ad- 
iorptionsinittol inejpiclist woitgeiieml /is desor- j 
bicreii. 

Ktliaduiigsgeiiliifc wild vr.n diesei Uejp l eritebiii li ( 
iibgewicllen und die Desorption /ii eineni Zeilpiiiml , 


abgcbrochcn, wolc'ncr in dcr Xiiho ties Zoit-vauktcs 
liegt, l>ei dom die lioladutig des Spiilgascs tnit -deni 
desorbiertcii Uestandtcil absinkt. i)e; intolgeJesson 
nur tinvoilkoiiiiiien desorbiorte Adsoiber wild an- *o 
sclilieCend wieder aui Adsorption goscli;..:e". und 

inogliflist so langc bciadou, .*ls er voll .t.a.inie- 

ialiig ist, uin anschlieficild, nac.i l tnso...;;:ng dot 
Adsorber, crfuidungsgcinad wieder tie: unvoll- 
koniiiieuen Desorption unterzogon ;:u we;den. »5 

Es ist er iciuiich, dat beitn cri'iaduagsgentaScn 
Veriai.iei. der ;e.v':.e:ie.-'.e i.-orU: unie: sonst 
;;lcieiieii liedingungen soiiilcllii wieder bctiiobs- 
Iteieit ’St als Ini volii-oiniueuei JAisoipt-oii. Der ie- 
sondere Vurtcil des cl finduilgsgeiiiaCeii \ eriaiifens 30 
In'steiil 1I.1: in, daii till ilie uiivoll!.niiiiileii« I a sorp¬ 
tion mu weni|; Spid|;as l»/w. I'.ncigio ijebraiit'lil 
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, ' Km so c I il.nr.v stvill u 1 *' 1 ■ I", /... Ism" 

. ! (AM. t. /iniiokn>’.Mliohoii ist. is"'"' -l" ’ I" ';'*' 

, am 1 .hois'ii I mis aim sis’,11 AiKo.l.,, u.*h mi. sum, 
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wcsci.tlichcii .ladling atisirili. Sell) l Mi, .It an ■!, ;n 
• .i-».rS.icn«-:i -landicil uurde aber an-eldi. ... ...| 

ml.mg i iil'j.u. In i.(| gioltcr Spnlgas- 
uiengi u oder liiilirirr Timperatmiii merklieli ;,| f . 
sinkcii. 

].> «• >111111; in i dvr Dr.reStinii; ung der JCriwi«Ii:nvj 
nioiii «l;«r;>;; 1 an, iliill diesel* Zi , ilji;"i!, , 1 /\\v (*;u* 
si.u.ituag naar-euari cri'ant n.; 1, 1,> wiiil . i e; 1 v- 
llli'lll >*i,:*i|r!ili 11, 1 imge /i'll *...> Spnlg.'is /it analv- 
::i:u written. *e:n (ielialt an dein 
*.i 'iiI'., i -:en lrt,';ia;al'ii - ii ah.ink: mid danacii d o 
/wei\sn...lJige I )e-oi[ua.ii-daiaT hxw. die Imsclia!’.- 
/i :! ''ridi ii Adsorb. 1 re-t/nli-gen. cvcntuell miter 


Al.'iti./iin. 


it Wrlriti; 


' .’ MM 'IV 

• 5 1 i:\ allM.iiiiiiriu- 1 >1 >n:pin.11 erinitkllt ii Zeitrrmmes, 
I' 1 s'lviii. iili ant milk, nil melie Adsori.tion odor 
gciiitge l>m.schaltverlu*te Wert gelegt wird. 

I lie Maeiie 0.1 ( l.l>, ,\l»!>. 4 , »tellt die lieladuni' 
da 1, we.clte lx-i deni Ik ...mitten Veriaiuen uadi 
*° je.lem Adsorptioiisvorgaug de.-oiliiert werdetl nv.'.C, 
" aineiai die Fl.ielte O. ICI-, Alili. 5, die- lleladutig 
dni>;ei!i, welche beim Ycn’aliren nacli dor Krtindmig 
jewel.» xu de-orb:eren ist, wolici die lirsparnis 
niiroii die Hac..e/•(./:/) dargestellt w il d. Da nan 
*5 nlvr. w ,e Ixneits cing.itigs erlaiiUTl, iur geringc 
llol.idui.gsgiade sell 1 viel meiir Spiilfjns h/w. 
I'.neig;e zuin ADD.au gie.euer l.cladungstiieiigen aut- 
gewvnJot we: <k'ii mull, als l*ei roller lleladutig, so 
or^i.i; sieli die eingnngs erlautcrte wcsentliehe S j in! - 
30 H-i'-Ji/w . Knergieerspnrnis Ivim crfmduiigsgcmai'.eu 
Wrialnvn. 

Oliwo.il das Spiilgas aus deni Hehiiltcr voii- 
Ix'laden austriti, isi doeli. wic der I-iuieu/ug /'C 
(Aid), 3 und ,0 /eigt, ein grofler Toil des hetrett'en- 
35 den AdsorU-is. snweit dies dureli das verwendelo 
S|iiil;',i< m*.-4!iidi isi, desorhiert worden, was da* 
dure. 1 erieieiu wild, dull da-sella: Spidgas, welol.es 
Ids znin Sdiln/I aus deni Adsorlier praktisch roll- 
lieladen .'.usiritt, in denselhen am andereu Undo iin- 
io lieladen eingetreien isi uud dalier dieseii Teil des 
Adsorlvis xu desorbieren verm.vg. 

Ahweieliungen von den dargeslcllten Kurven, 
x. St. iiiiieilialli der Grenzkurvcn GH und ] K 
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(Aid). 5) Ivon lieu aus Ix:i;ibi;c.:eii Grim.ten uuter 
l iilslan.leu ingwendig >e.:i ;;u>l sin.I ini Ualuuen *j 
des eri'induiigsgcmaDen Verialucus /tilassig. 


Patent* \si>n Ccu E: 

... 5° 

»• > erianren xur Kmtermtng ok-r Ge- 

wiiinting adsorbierliarer Jlestandieile aus strd- 
inemten Gas^eniiselien dareii Adsorption und 
aii'ehlieCende IVsorption. daduron ^elvcnn- 
•xeielinel. dad die Desorption xu cineiit Zeit- 55 
ptinkt ab^eliroel.en wird. welelier in iler Xiiltc 
des Zeiljiunlvles liejjt. I«ei ileui die lteladlfii;4 des 
Spuli^ases mil dent di’soilueiten lies?.united all* 
silikt. 

2. \'ci ialirct) naeit Aiisprueli 1 bei Anwendmi.v: 60 
aimancrnd ^jli*ieher lemj.eratnren xnr Ad- utid 
Desorption, dadnreit ^elveim/eielinet, daO das 
Spiilj;asvolitn:en das 1-. 3- bis .’iaclie des Roll- 
gas volumens lietriigt. 

3. Vert alt ten naeh Ansprneli t In'i Anweiidnng 65 

einer Spnlgastemiierattir, die amialteiud nut So° 
holier ist als die .Adsorptions- oder Raum- 
teni|>er.'itur 1 dadnrcli gelvemi/eielmet. datl das 
Spitlgasvolunicn '/jo bis '/s* des Rnhgas- 
voluinens betriigt. 70 

d- Vcrialtren nach Aiisprueli 1 l)ei Anwcndnng 
aimabernd glcicber Gasvtdumen t’iir Ad- und 
Desorption, dadttrch gelvetm/eieiinct. daC die 
Desorption lx-i nur'etwa 5 0 Imlieier Temperatur 
eriolgt als die Adsorption. 7j 

S' k e 11 all re n nacli Auspiueli 1 Ivi Anwenduug 
lieier Teni|)craturen lx-i tier Ad- und lX'sorp- 
tion, x. It. unler — loo 1 ', d.idure.i gelvetm- 
xeielmet, daC das Spulg.isvolumeii da- J-, 5- bis 
loiaehc ties Uoiigasvoluinens l.vtiiigi So 

6. Veriahren nach Aiisprueli 1 bis 5. dadureh 
gckeimxeielinet, ilall naeii einer grol.i-ivn An- 
xalil \on Uinsehaltungeii Iv 1 Je Atlso.lvr einer 
einmaligen, st.irkcren Desorption uttreit Anwen- 
duitg griiCerer Spttlgasinengeit und odet hiilterer 85 

Tcinpcraturcn untcrxogeii werden. 


11 icrxu 1 ltlatt Zcichnungen 


« 
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Il is known that one can use adsorption processes for the re¬ 
moval or obtaining of mixture components of gas mixtures by using 
adsorbers dwell are arrails’< d in pairs and which are periodically 
switched for the purpose oi adsorption and desorpLion. Duiing dc- 
.sorption through purging with a gas or through evacuating, the gas 
How is, as a rule, in the opposite direction of the gas flow duri; 
the adsorption process. Up to now, the aim was to desorb I he ad¬ 
sorption means (desiccant) to the greatest extent, possible prior 
to the beginning of each adsorption process. 

This invention deviates from this rule considerably and de¬ 
sorption is stopped at a poinL when Lin loading if the purge gas 
with the component that is to be desorbed is diminishing. The ad- 
soi l>e r, which consequent 1 y is only incompletely desorbed, is sub¬ 
sequently switched to adsorption again and is being loaded as long 
as it is capable to be loaded, mid is subsequently, a r ter switchin. 
of the adsorber, again desorbed incompletely in accordance with 
this invention. 

It is evident , that in accordance with this invention, every- 
being iqual, l hr regenerated adsorber gets bade into opera! iei, 
quicker than with complete desorption. The special advantage of 
the process per this invention is that for the incomplete de¬ 
sorption only little purge gas, respectively energy, is required, 
while- for extensive desorption in accordance with Liu known pro¬ 
cesses die required purge gas volume increases exponent la I 1y, or 
a high temperature increase is necessary. 

Although the desorbing in accordance with this invention is 
only incomplete, the saim. purity or ‘.lie gas during adsorption can 
be obtained as afta r a compii t.c d< sorption. 

Lx pel i iiienL;; nave shown t hat lor the complete purifying of the 
gas ay frequent, repented adsorpt ion, even a desiccant column of 
om :n<»c.r is .sufficient, hv greater column lengths the switching 
can Lake place Jess frequent !y. 

Tin usual, as-' i sis lot adsorpt i-nn and dc.sarp.. i on, like cooling 
during adsorpt i oi.and 1 1 • • f i» in;, or pn • uri ridmlion, eventually 

al.-o It*:; t ban ..<«pk -i i pros sun , , dnr I.,g ih soj | l i on cL< ., can 

of ‘ our: < be lit. i I i (i, n U- |M*«>ceilui «• pi r I hi invention. Tin 
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saving on purge gas, respectively an. rgy, exist also 1« U»»<> 
cases. Therefore, the following possibilities essentially exist 
in executing the proofs:s per the invenUim: 

a) If during ad- and desorption the same and ;‘PP r °* 1 "** te 
ambient temperatures are being utilized, ' 
sufficient if the purge gas volume is one, 
three times the raw gas volume.Accord in >, 
gas fractionation process an adsorber U.ica h^bee 

sorbed SfVfMcUwiation produc ! or a part 

of if ihtSl. is depressurised or was remove.l by vacuu,n, ure 

gffkSSl tTCfS!' tS fractionation 7 Product in 
question, which is not needed for the purgmg o 
iorber can then even be obtained pure. 0. the other 
Sand, the enrichment with the 

tage* 1 for°tlie eventuhlfobtaining^'of' the^oinponent. Those 
advantages are valid in part also for the o1 lowing 
possibilities: 

bl If a higher temperature is used for desorp'ion than Lhe 

5»c'= C SiSS SS \ rth| jfeiple. 

a temperature increase flora 20 to 10 . j/-? 0 1/20 of 

a reduction of the purge gas volume to VdO to ,zu or 

the raw gas volume. 

c) If the gas volumes during adsorption and desorption are 

} approximately the same, then it is sufficient to'grease 
the desorption temperature by approximately 5 d(grees, 
assumin'' therby that the adsorption Lakes |lacc aL a 
temperature which does not vary greatly from Lhe ambient 

temperature. 

d) If the adsorption and desorption take place at low tem- 
' n raturcs for example -1.00 degrees or laic r, then Lhe 

pu^e pas volume has to he 2*; to 10 times 1 ic raw gas 
vo 1 flint/on account of tl.e bad desorpt ion condi tions a . 

1.1,ese temperatures. In this case, Loo, theu 1 * a co- 
derablc saving on purge gas when compared Lo Liu quantity 
of purge gas required wiLh complete desorption. 

In accordance with this invention, it is possible Lo keep the 
residual loading of Lhe purified gas very small permanently. If 
one is concerned with especially high purity, then it is sulf.ci.ent 
in this invention lo undertake a stronger desorption if boLh ad- 
eorbers by means of a larger purge gas volume or a hi ;hfr temper- 
Murc. one Lime after a larger number of cycles. How often Ibis 
additional deso,-pl.ion is required depends on the res, h . i ve opor- 
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aLing condi Lions. However, there ho nil y should be a case* in which 
such additional desorption is required more f requen'.. 1 y than after 
a few hundred cycles, this means, therefore, that such additional 
desorption in the exceptional cases is only required at intervals 
of several days or weeks. 

On hand of drawings l- r > the process of ad- and desorption of 
this invention is compared with the known process. 

Jn all drawings the ordinate represents the height of the ad¬ 
sorber in the direction of the flow and absissa represents the 
degree of loading, whereby one is the maximum loading capacity at 
a certain concentration of the gas component which is Lo be ad¬ 
sorbed, in other words, representing the corresponding saturation 
of the desiccant corresponding to the partial pressure of the gas'- 1 
component which is Lo be adsorbed, and the temperature. 

In drawing 1 the curve OA represents Lbc loading front at 
the end of an adsorption period, with the unpure gas flowing in 
the direction of the arrow. Therefore, at the lower end of Li.e 
desiccant there exists no loading at all or under the circumstances 
also a parial loading (when it is the intention not to achieve a 
complete removal of Lin. respective gas component.) So that, there¬ 
fore, up to the very last moment prior co Liu cycling, gas of the 
desired purity can be obtained from the adsorber. Above point A 
the adsorber is fully loaded. 

Drawing ?. shows the situation at the end of th * desprption 
pweriod of the commonly known process. The adsoher is almo.et en¬ 
tirely unloaded. At the upper end of the adsorber at 13, there 
most times is still a small loading E, while Lbc adsorber is 
completely desorbed rip Lo the heighl I) to the degree that this 
is possible with the purge -as utilized. The area BDK represents 
the residual, loading which as a rule is small. 

While the process at the end of Lho adsorption period under 
the commonly known procedure as shown in Drawing #] is the same 
as the process described in Llvis invention, tin desorption in 
accordance wilh this invention is only performed until the loading 
front, which is shown in Drawing < J /1 by the curve OA, is pushed 
back Lo curve F r . in Drawing r'3, whereby the purge gas at the 
upper end of the adsorber leaves with si ill a subsiantia I loadin'.'. 







1'he i onti nl. of desorhi d i oiii| »o*. i«. 11 1 would, however, ?iib:e<|UenL ly 
reduce iLsi.ll uol. iceabl y wi Lli ut i 1 i /.al i on of correspondingly 
larger purge gavolume :: or hip.her temperaLurc. 

In Hu- ut i 1 Ly.nl i on of this invention, it is not critical 
that tho point of swi Lch-ove r bo precisely dcLermi nod. Tl is, 
on tin rout rnrj , recommended Lo analyze for soldi? Lime the put jje 
and wait until its conU-nL of desorbed component diminishes 
and then to establish appropl. 1 ale desorption time, respectively 
cycling, t ime of the Lv.o adsorbers, eventually with some shorten¬ 
ing or lengthening of the lime interval for Incomplete desorption, 
depending whet hi r one look?; for complete adsorption oi snui I 1 
cycling 1ossos. 

The area OAf.ED, Drawing 4, represents the loading which per 
the commonly known process has to be desorbed after each adsorp¬ 
tion cycle, while the are OACF, Drawing r ), represents the loading 
which has to he Je<;.i btd pel* the process of this invention, whereby 
tlie savin i s represented by the area FCKD. As previously ex¬ 
plained, for a low degree of loading, much more purge gas, re- 
spec Lively energy, has I o be ii?a‘d to remove cm equal c|uantiey of 
lad than is necessary at full loading, therefore, the savings of 
subslant ial purge gas, respectively energy, i' 1 the process pel this 
invent ion, is clear as explained above. 

Although the purge gas is leaving the container fully loaded 
as shown in the line l'C of drawings 3 and 5, a largo part of the 
respective adsorbs r lias been desorbed, Lo the extent that this is 
possible, tbriugb the use of the purge gas used. This was acheived 
because this purge gas, which leaves the adsorbi r pract icully fill y 
loaded, entered the adsorber at the other-end unloaded, and there- 
tyf ( \.'.*iahii to desorb this part ol the adsorber. 

Variations from the pictured curves, or example within the 
1 i in i t-curve.- of (.11 and JU, Drawing ‘j, might he? necessary for 
operaljoual reasons and ( irevmstances and are prop u* within the 
f r;»ui«.*\.*i»i li of this invention. 
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1. Process for removal or obtaining of adsorbablo compo¬ 
nents of flowing gn* mixtures through adsorption auJ 
subsequent dcsorpt i on characterized by the desorpt ion 
being broken off at a point which is near the point when 
the loadin'; of the purge gas with the desorbablc compo¬ 
nent diminishes. 

2. Process per Claim 1 using approximately the same tem¬ 
perature- for ad- and desorption, characterized by the 
purge gas volume being on, two, three times the raw 
gas volume. 

3. Process in accordance with Claim 1 using a purge gas 
temperature which is about 80 degrees higher than the 
adsorption for ambient temperature, characterized by 

the purge gas volume being V30-V20 of the raw gas volume. 

A. Process per Claim 1 using about the same gas volume for 
ad- and desorption, characLeri zed by the desorption 
taking place at only about 5 degrees higher temperaLure 
than the adsorption. 

5. Process per Claim 1 using lower temperatures at ad- 
and desorption, for example, be1ow -100 degrees, char¬ 
acterized by the purge gas volume being two, five, to 
ten times the raw gas volume. 

6. Process per Claims 1 through T> charae l eri zed by a strongei 

desorption by larger purge gar volumes and/or higher 
tempornlures after a greater number of cycles. 




PLAINTIFF'S EXHIBIT 5C 
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Das nachstchcnd t*schricl>ene Verfahren hetrifft 
ein verhessertes rationclles Verfahren rur RetniRunj* 
t>*w. TretmunR von GasRrmischen mit wesentlichcn 
Gehahcti an a.lsorhicrharen Gasen odcr Datnpfcn 
mittels period Uch umschaltbarcr Adsorber, E» ist 
bei der ZerlegunR von GasRemischcn vorRCSchlaRen 
worden. daB man dureh Zuschalten von Speicl.crn 
ru Adsorliem mil Hci*- odcr KuhleinrichtunR fur 
eine RiickRCwinnunR aufRewcndetcr Warmc- und 
KalteWlrace sorRt, d. h. wenn das SpnlRas erhitat 
und das ‘Adsoihens Rekiihlt werden muBie. Auf 
diese Weise war es mo«lieh. die rum /week der 
Adsorption herunterRckuhlten Case und die rum 
/.week der Desorption erhitrten SpulRasc nacn 
ihrem Austritt aus dem Adsorlwns ohne erheblichc 
Kalorienverluste auf annalternd Nonnaltem|wratur 
zu bringen. 


Es hat sich herausRcstellt. daB die \ erwendunc 
>n Warmeaustauschern nicht nur dann rweek- 
afliR ist. wenn NVarme enter Kaltc von auBen ni¬ 
ter abRcfuhrt werden muB. sonslcrn aueh dann 
enn dureh die Adsorption adsorbio. barer C.as- 
rstandteile merkliehe WirmelretraRc frei bn* 
lire'll die Desorption Rebundcn wer.lon. Kin Co# 
cmisclt erhitrt sieh und das Adsorlwns inn«cv d*r 
rei werdenden Adsorptionswarme brw Wuliit «> 
ieti uml das Adsorliens infolRC der frei werdenden 
)esori>iio«iskaltc at». wol*i das AusirnBder \\ ...me 
jn.inR vom Gohalt .tes Gascemisehcs an w»s.hU ei 
aren Gaslnrstandleiten at.hhiiRt. 

Die WirmelwtraRe tri dor Adsorpti. » wer.len 
rfindunRSRcmaU dadureh wider fur die otRen.te 
Jeeori.tion nutrl.ar Romacht. daB man an der \u>- 
rittssritc etes Rereii.iRten dureh die frei Rev. of I. tie 


M 


*5 


S» 
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Adsorption** anne crhitzteu Gases fur cinen j 
WarincaU'tau.'Ch sorgt. so. daB das Spitlgas. | 
welches (ur die Desorption Vcrwendiiug linden soil. ■ 
vorgewarmt wird, wahreud das crhitzlt' duivli Ad- j 
5 sor|ition gcrcinigtc f* as abgckiiltlt mid ini Aits- | 
tauscli mil dem Spulgas wietk-r riickgcktihlt wird. 
Voraussetzung ist. tlaB die Spoiling stets entgegen- 
gesetzt zur Ik-latliitig erfolgt und das Adsorbe-ns 
nicht vdllig cntta<k-n w ird. 

to Es hat sich ferner herausgcstcllt. daB auch bci 
der Desorption nicht uiierheldiche Encrgielictragc 
vcrlorcngchcn, was liei-ontlcrs dadurcli lietliugt ist, 
daO fiir die Dcsorpti a, aliulicli wic hei der Ver- 
dunstung, \\ armc aufgcwcndct werden muB und 
15 diesc dem Spulgas entzogen w ird. welches infolgc- 
dcsscu aus detn in der Entladung liefuullicheu 
A cl surlier iintcrkiihlt austritt. 

Es wird daher crfmdungsgcmiiB auch auf der 
Scite des Frischgascintrittcs fur cinen Warntc- 
io austausch des licladcnen Sptilgascs mit dem Frisch* 
gas gesorgt. 

Auf diese AVcisc w ird das Frischgas ini Warnic- 
atistausch mit dem Spiilgas hcruntcrgckiihlt und 
Isetritt den Ad so riser in eincni vorgcrcinigten und 
*3 vorgekiihlten Zustand. 

Die geschildertc MaOnalime ist desliall) licsonders 
wichtig, weil fast alle teeltnischen Gasgcmischc 
Wasserdampf enthalten und in den mcisten Fallen, 
licsonders wcmi sic komprimiert sind, mit Wasser 
30 gesattigt ankommen. Durclt die licschrielienc Vor 
ktihlung wird das Wasser liereits zu einem wesent 
lichen Toil ausgeschiedeti. Das Adsorlicns kann 
daher mit andcren wertvollen Gaslicstandtcilen 
reichlicher lieladen werden und cine \ erliingcrung 
35 der Laufz.cit der Adsorlier br.w. cine liessere All* 
scheidiing der ailsorliierliareti Gasliestandtcile ist 
die Folge. 

Die bescltrielienen MaBnahnicn des Warmeaus- 
tausches hinter bzw. vor den Adsorliern konnen 
40 sowohl jedc cinzcln als auch lieidc gleich/.eitig an 
gewendet werden. derart. daB die Adsorlier zwisclieit 
Warmeaustauscher 11 angeordnei werden. 

Als Warmeaustauscher kdnnen periodisch uin- 
schaltliare Hegcncratoren verwendet werden. die 
43 zweckinaQig mit deu Adsorliern standig kommuni- 
zieren, d. h. mit dem Anfaug lizw. Elide des 
Adsorljcnsraumes standig verbunden sind uniDmit 
die:cm gleichxeitig umgeschaltet werden. In diesem 
Fall sind a'so die Adsorlicntien x.wischcn Regenc- 
50 ratoren aiigeordnet lixw. Iiefinden sich deren 
Speichermasscu und <las Adsorlw-ns jewcils in den 
glrichen Ikhaltern in der heschridiencn Anordnung. 

Sollen Gegenstromwarmeaustauschcr an Stcllc 
von Regeneratorcn verwendet werden, so hrauchen 
33 die erslcn nicht |icriodisch umgcschalict uml nicht 
doppek ausgefuhrt xu werden. Es geniigt vielniehr 
auf jctler Scite jedc* |ieriodisch unigeschaltetcn Ad- • 
sorliers ein Ccgenstromwamieaiistauscher, der von 
jeder Gasart standig in ciner licstimmten Richtung 
•• dtirrhstrdmt wird Die Umschaltungen fiir die 
Gasstrome sind also im vorliegendcn Fall z wise hen 
('t^genstromwarmeau-tausclier und Adsorlierpaar. 
angeordnet Anch hicr kann je naclt Zusantinen- 


setxung ties Ga*gcniisclu*s li/w. llctrielisinnslaiulen 
tin Warnwaustausclter auf der einett trier auf tier 65 
andcren Scite ties Atlsoilierpaares trier je ein 
Warmeaustauscher gleich/.eitig auf lieitkn Sciten 
des Adsorherpaares xtir Anweinlung koinuien. In 
dem auf der Eintrittsscitc ties Frischgases lietiud- 
liclten Gcgonstroinwarutcaiistausclw-r wird /.week- 7 » 
inaBig fitr cine Alischeidungsindglichkeit fiir 
Kondcnsate gesorgt. 

Die I’ntschaltuug der Gasstrome von einem Ad¬ 
sorber bzw. Regenerator auf den andcren erfolgt 
erfilltluugsgeiuriB autoniatisch, was insliesoudere r 5 
dvshalli y.wecknijiBig ist. weil lr-i Nt>nualleiu|ieratiir 
die adsorliiertcn Mcngcn licstimintcr nur ni.iliig 
ailsorbierbarer Gaslietandteile nicht erhelilich sind 
untl, '.Venn diese voHstantlig entfernt werden sollen. 
cine kftrxcre l’nischalt/.eit erfurtlerlich ist. Anderer- » 
seits ist mil tier Adsorption liei Xnruialteinpcratur 
cine wesent I idle Knergieeinsparung verknitpft, so 
dal! kiir/.ere L inschalt/.eiti n in Kattf genonunen 
werden konnen. 

F.rfolgt tlie Adsorption miter Druck, flic Desorp- 85 
tion liei geringerem Druck. so wirtl kur/. vor tier 
I'mschaltuug Druckatisgk-ich herlieigefiihrt. Man 
kann x.unt /week weitgehender Gas- und Zoit- 
ersparuis cinen Druckausgleich z. 15 . auf lieitlen 
Adsmlicnssciteu einstellen. Als liesontlers /.week- 90 
miiBig erwies sich ein Druckausgleich letliglich auf 
tier Seite ties Austrittes ties gerciuigten Frisch 
gases, tla die Stoning ties Rciiiigungspro/osscs da 
liei am geriugsteii war. Xntwendig ist ferner cine 
vtiHige Druckeiitlastung im zu entladentlen Rchalur. 95 
Als zweckmaUig erwies sich cine Druckeiitlastung 
gegen tlie Stromrichtung des Frischgases vor Ztt- 
Icitung dcs Spiilgases /.it deni zu cntlailentleu 
lichiilter. Auf diese Wcise werden Alischeidungeu 
usw. bcrcits mcchanisch fortgefiihrt untl gelangen too 
nicht in deu etwa nachgcscltalteten Zcrlcgungs- 
apparat. Sintl die Gchalte an atlsorbierliarcii lie* 
standteileu seliwaukend, so wirtl zweckmaBig tlie 
Umschaltung durclt Eiiibau eincs 'Icmpcrauir- 
fuhlcrs an cincr Stellc. die von tier durclt die Ail- ><>5 
sorption atisgcliisten Warmewclle, z. 15 . in oiler 
dicht hinter dem Adsorlicns. errcicht wirtl. gc- 
stcuert, derart. daB z. II. liei Clicrschrcitung finer 
licstimmten Tem|icratur die Umschaltung ausgelfist 
wird. 1,0 

Das crfindnngsgemiiBc Vcrfahrcn set durclt zwei 
l Gtsfuhrungslicispiclc uaher erliiutert. woliei 

Fig t ilcn Fall der licitlseitigen Vcrwcndung von 
Regeneratorcn. 

Fig J den Fall dcr Vcrwcndung von Gcgcu J «5 
stromwarmcaunauschcm veranschaulicht. 

In dcr Fig. 1 stcllcn dar: 1 untl 2 die Adsorlicns- ; 
schichten z.wischcn ilcn Speichcrmassen .5 uml 7 
liz.w. 4 und S auf tier antlcrcn Seite. Die Umschalt- i 
rorrifhtungcn 5 und 6 besorgen die |K‘riotlische n- 
I'ntschaltung tier Gasstrome. Sic werden auto- 
matisclt gcschaltct. Das Frischgas. z. II. kompri- 
mkrte Ltifl. strdmt liei t r im tlargesteliu-it Fall 
ttiinilig zu. gcht in der Riehtuug der ausgezngcucn 
I’feilc iklscr t'mschaltung 6. Speichcrmassc 4. Ad- •*! 
stirln-r 3 . S|K-ichcrmasse H iiihI I'msehnltimgj liei i to ; 
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*ur Yerweiidung oder wcitercn Zcrlcgung. Ulicr 
<it-r in der l’eriodc vorher gckuliltcn S|icicher* 
masse 4 wird das Gas vorgckulilt uud gibt dalici 
einen Teilgchalt an kondciisicrbaren Rcstaiidtcilcn 
(Wasscrdampfi bci der Spcichcrtempcratur all, tritt 
vorgekuhlt und vorgcrcinigt auf das Adsorliens 2, 
wo es von den adsorl)ierl>arcn Ik'standteilcn 
(9®*’ C*Hf) vollstandig liefrcit wird, giht 

die bei dcr Adsorption frei gcwordcnc Warme 
tcilweise am Adsorliens 2, teilweile an der 
Spcicherinasse 8 al> und stromt anschlicUcnd 
iifser 5 und to gcreinigt, gctrocknct und ge- 
kuhlt zur Verwcndung. Gleichzeitig wird ; d>er q 
stand ig trockcties Spiilgas. z. B. druckloscr Stick- 
stofT, zugefiihrt und geht ini dargcstdltcii Fall ulicr 
die Unuchaltung 5 durch den linkcn Adsorlicr in 
dcr Richtung dcr ausgczogencn i’fcile, also iilier 
Speichemiassc 7, Adsorliens 1 und Spcicliermassc 3, 
uni iilier Umsclialtung 6 liei 12 in lieladencm Zu- I 
stand auszutretcn. flier der in der Periode vorher 
angewarintcn Speichcrntas •» 7 wird das Spiilgas 
clalsci vorgewarmt, so dad die Fntladung des 
Adsorbcns 1 erleichtcrt wird. Das am Knde des 
Adsorliens licreits wieder infolgc Warmeabgalie an 
das *a cntladcnde Adsorliens und infolgc Dcckung 
des Warmclicdarfcs bci tier Desorption abgckiihlte 
Spiilgas wird niininchr iilier Speichemiassc 3 wieder 
auf an>i;i!icrnd \ormalteni|>cratur angewarmt. so 
dad es ohiie wesentlichen Kaloricnverlust austritt. 
Nacb einer gcwisscu Zcit ist die S|»eichcrnia>sc 7 
mid clienfalls die Spcichermasse 3 tcilweise so weit 
gekuhlt, dad eine Umsclialtung erfolgeu mud. Zu 
dicscrn Zwcck wird zunachst Stickstoffauslattvcutil 
22 in ciner seitlichen Abzwcigung kurzzeitig gc- 
dfTnct, so dad das Spiilgas (Stickstoff) vor der 
F.inriclnung ins Frcie tritt. Das crwalintc Vcntil 
wird elienso wic die ande-cn Vcntile zwcckniaBig 
automatised gestcuert. Fs wird nur so lange ge- 
dffnet. als der Druck im zu spiilcndcu Ilelialter, der 
durch Vcntil 14 cntlastct wird, nocli nicht auf len 
Druck dcs Spfilgases aligcsuiikcu ist. Die Umschalt- 
vcntile s und 6 werden fiir kurze Zcit in Schlufl- 
stellung gcbracht. Durch Offnen von Vcntil 21 
werden die Driicke z wise lien dem drucklosen und 
dem untcr Druck befindlichcn IJehnltcr ausgeglidieii 
und schliedlich nach SclilieCcn von 21 tier Kcst- 
druck im jewcils lieladciicn Ilelialter durch die F.nt- 
lastungsvcntile 14 (oder 13) gegen die Stroinungs- 
richtung dcs Bcladegases cntlastct, wonach dieses 
Vcntil wieder geschlossen wird. Wahrcnd dcr 
kurzen SchlieOzeit dcr Vcntile 5 und 6 wird das 
ankommende zeitweise nicht aligcnommenc Frisch- 
gas in eincm lici 23 angesclilosscncn, nicht gczciclt- 
neten Uehiiltcr gcs|>cichcrt und die nachgeschaltctc 
Zcrlegungsanlage aus eincm clienfalls nicht dar- 
gestcllteti, Isci 24 angeschlosscnen Ilelialter auf dcr 
andcren Scitc dor Kcinigungsanlagc mil Gas lie- 
liefcrt. Durch Offnung dcr L'mschaltungcn 5 und 6 
wird tier Umschaltvorgang licendct. Hiernach gelit 
nunmehr das bci 11 zugcfiihrte Frischgas bzw. <las 
lici 9 zugcfiihrte Spiilgas in der Richtung der ge- 
stricheltcn I’feile jewcils durch den andcren 
Adsorlicr. Das Frischgas warm! nunmehr die 


S|>ciclierinasse 3. das gereinigte Gas, die Spcichcr- 
ma>se 7 wieder an. wahrcnd sich die olien l»ei 65 
Adsorlicr 1 liercils gescliildcrtcu Vorgange bei der 
Spulung des zu ciitiadcudcu Adsorliers 2 wiedcrliolen. 

Fig.>2 zeigt den Fall der Vcrwendung vonGcgen- 
stromwarmcaustau.-elicrn auf lieiden Seiten des 
Adsorlierpaares. I ficr sind 1 und 2 die Adsorlicr, 70 
wclchc zwisclieu der Dmschnliung 3 bzw. 6 bzw. 
den Gegcnstrdmcrii 15 bzw. 16 angcordnct sind. 

Im dargestclltcn Fall stromt das iilier 18 standig 
zugcfiihrte Frischgas (Luft) untcr cinem Druck 
ion z. B. 3 atii durch den Gcgenstrom warme- 75 
austauscher 16. gibt dort korulcusierbare Bestan.l- 
jeile (Wasser) ab und tritt vorgcrcinigt bzw. vor- 
gctrocknet in die Adsorliensmassc 2 ein, um diese 
uUr Umschaltung 5 (von H.O. C 0 4 und C,Il,) 
gcreinigt zu verlassen und mitgefiihrte Wiiruii- *0 
lietragc im Gegciistromwarimaustauschcr 15 wieder 
an Spiilgas abzugelicn. lis tritt lici 20 aus. Das 
liei 19 drucklos zugcfiihrte Spiilgas (Stickstoff) 
wird im Austauscher 15 mit gcrcinigtem Frischgas 
(Luft) vorgewarmt und stromt iilier Umschaltung 5. » 5 
dam! im dargestclltcn Fall iilier Adsorliens i. 
welches cs rcgcncriert. I-ils kiililt sich liicrliei ab. gibt 
nacli Austritt aus dem Adsorliens im Gcgenstrum- 
warmeaustauscher 16 semen Kaltciulialt an lici lS 
zustrdmetides Frischgas ab mid wird liei 17 ins 90 
Froie gcfiihrt. \ach dcr Umschaltung gelien die 
Frischgase durch das Adsorliens 1 und die Spiilga-e 
durch das Adsorliens 2. Die Gaswcge in den Gcgen- 
stromwarmeaustauscliern werden nicht gcandert. 

Der Alilauf des Schaltvorganges entspricht dem im 95 
Fall 1 licreits gescliildcrtcu. 

Saintlichc Scha It vorgange erfolgcn zwcckm.iBig 
automatisch. Die Offnungs- bzw. SelilieBzciten der 
\ entile wahrcnd des Umschaltvorganges lietragon 
zweckmaUig nur wenige Sck linden. too 

PATENTANSPnOCIf E: 

I. Vcrf.ihren zur Trcnnung bzw. Rciniguiig 
von Gasgcmischcn mittcls pcriodisch umselialt- 
barer Alisorlier, die durch Gcgenstromspiiliing 105 
cntladcn werden. dadurch gekcnnzeichnet. dad 
zweeks \ erwertung der Adsorptionsw'armc ini 
zu rcitiigciidcn Gas an dcr Austrittsseitc rles 
gereiiiigten Gases Warmcaustausclier vor- 
geselien sind, in denen cincrscit* das gereinigte no 
Gas ahgckiihlt und audererseits entgegen- 
strdmendes Spiilgas fur die Desorption vorge- 
warmt wird, und/o<ler zweeks Verwertung der 
Desorjitioiisk.il.e im lieladeiien Spiilgas an tier 
Austrittsseitc dcssellicn bzw. an dcr F'intritts- n 
seitc des zu reinigenden Gases W armcaustausclier 
vorgcschcn sind, in denen das F'risch-jas im 
Wiirnicatistatucli mit lieladencm Spiilgas aus 
dem Adsorlicr vorgekiililt wird. Ik- vor es zwivks 
Rciniguiig oder Treiiming durch Adsorption in tl 
den zu lielademlcii Adsorliei eintritt. 

2. Vcrfaliren nach Anspruch t. < 1 ...lurch gr- 
kennzeichiiet. dad ein Warmeatistausch vor mid 
hiutcr den Adsorlvern statttiudet. 

J. Vcrfaliren nach A ispritcli >t und 2. dadurch 1, 
gckennzeichnct, dad als Warmcaustausclier 


> 
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pericxlisch umschaltbare Regcncratoren ver- 

wetidct werdcn. . ... . . 

4. Verfahren nach Anspruch I bis 3. dadurch 
cekennzeichnct, daB Anfang und Endc dc s 
Ad*orl»cnsraumes mit den Rcgcneratorcn stan l K 
kommunizier«-n und Rcgeneratorcn und Ad- 
sorbcr gleidueuig umgeschaltet wcrdcn. 

e. Verfahrcn nach Anspruch 1 und 2, dadurch 
geicennzeichnet, daB vor bzw. hinter jcdcm 
pcriodisch umgcschalteten Adson>crpaar jc 
ein nicht umschaltharcr Gegcnstromwarmcaus- 
tauscher angcordnct wird. 

6 Verfahren nach Anspruch 1 his 5. dadurch 
gekcnnzeichnct, daB die Umschaltungen auto- 

matisch crfolgen. . ' . 

7. Verfahrcn nach Anspruch 1 Ins 6, dadurch 
gckennzcichnct, daB im Zuge dcs Umschalt- 


verfahrens ein Druckausgleich zwischcn he- 
ladcncin und entladcncm Adsorbens zwcckmaBig 
auf dcr Austrittsscite dcs bchandcltcii Gases 
sowic schlicBlich cine Ruckcntspaniiung dcs 
danach vcrhlicficncn Rcstdruckcs gegen die lk- 

laduiigsrichtuiig erfolgt. 

8 Verfahren nach Anspruch 1 his 7. dadurch 
gckennzeichnct, daB die automatised Lm- 
schaltung besonders lici wcchsclndcm Gc- 
halt an adsorbierliarcn Bestaiidtcilcn dunli 
Temperaturfulilcr in dcr Spcichcrmassc cxlcr 
in dem beladenen Adsorbcns gcstcucrt 

W Q. Vorrichtung zur Ausfiihrung dcs Ver- 
fahrens nach Anspruch 1 his 8, gekcnnzeichnct 
durch Warmcaustauschvorrichtungen am Endc 
und/odcr Iicginn Her Adsorlicnsschicht. 


Hierzu 1 Blatt Zeichnungen 
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The following describ'd process concerns an improved rational 
process for cleaning respectively separation of gc"'Ous mixtures 
with substantial content of absorbable gases or vapors hy means of 
periodically cvcl-ablc absorbers. It has been suggested in separa¬ 
tion of gaseous mixtures that ono provides for the recovery of the 
expended heat: or cold through the addition to the adsorbers of 
storage with heating or cooling facilities. That means for the 
heating of the purge qas and for the cooling of the adsorbent in 
this manner it was possible to bring the for the nurnose of adsorn- 
tion cooled gases and for the purpose of desoprtion h "ted ga-es 
to about ambient temperature after their exit from the adsorbent 


without considerable calorie loss. 

It has been found that the use of heat exchangers is not only 
practical when heat or cold has to be added or taken away from cut- 
side, but also when noticeable heat quantifier are missed throueh 
the adsorption of adsorhablc gas components, respectively nre taken 
on through desorption. A gaseous mixture increases it r temperature 
.and that of the adsorbent due to the released adsorption heat, 
respectively if is cooling itself and the adsorbent du- 1 -> the i r - 
leased d'-c retie s cold, whereby the degree of f nvx r :t ir ' shading 
depends or. the amount of absorbable gas components in '.he gaseous 
mixturc. 


The heat quantity of the adsorption, per this 
u*-.i 1 ized again for the following desorption in that 
for a he t c.-.change at the exit of the. purific' and 


invention, i 
ore jrrenge 
throuch the 



released adsorption heat heated gas, sc that 


the purge gas 


vhich i- 


to be used for the desorption will be preheated, 


hi la the heated 
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through adsorption purified gas is cooled down an'' in exchange- 
with the puryc gas is again cooled. Presupposed is that the 
purging always is in counter flow to the loading and that the ad¬ 
sorbent is not f u11y desorbed. 

It has further been found that also during desorption not in¬ 
consequential energy is being lost which is caused by * he ncc'* r ar 
considerable heat during desorption, similar to vaporieetior, and 
this hect has to be. obtained from the purge gas which in consequence 
leaves at reduced temperature the adsorber which is being d-so-bed. 

Per this invention therefore, ?. heat exchange is also arranged 
on the entrance side of the fresh gas, for her . z.'-c' enge of the 
loaded purge gas with the fresh gas. 

In this manner the fresh gas temperature is reduced in h~-r 
exchange with the purge gas and it enters the adsorb-r ? n "■ nre¬ 
el coned -and prc-coolcd condition. 

The describee! procedure is particularly important beccs? 


•■ni! •, n 


almost all technical gaseous mixtures contain w opcr end in 

most eases, especially when they are compressed, they re saturated 
with venter. Through the described pre-cooling the ’’-bar is to e 
considerable degree already separated. The adsorbent the’cf'.*ic 
can be loaded more substantially with other valuaM? g^s components 
and an extension of the use of the adsorber, re spa I'ivviy, a be* to** 
separation of the adsorbablc gas components rosol 

The described procedure of the- heat exch^ngr a f trr, respectively 
ahead of the adsorbers can be applied singly a' well as join-ly, 
so that the adsorber is arranged between heat exchangers 

As heat exchangers periodic eye 1 able regenerators car. b^ used 
v/hich for the purpose, ore in constant communion’'on v»i th the ad¬ 
sorbers, this means they are constantly connected ’.■:5 th ‘he entry, 


c h - 










? 


respectively cr.it of the adsorbent space end cyc^d vn rh it 

together. In this ease, therefore, the cdsorh-.nt i' .:r-:ngcd bct-/<.-n 
regenerators, respectively the storage masses (of the regenerators) 
and the rdsorbent arc in the same containers in rhe desert bed se¬ 
quence. 

If counter flow heat exchangers ore used in p'.ace of regenera¬ 
tors, they (the heat exchanger) do not have to be periodically 
cycled end duplicated. One counter"*, heat exchanger on each end 
of the periodically cycling adsorber is adequate through wh-ct 
each gas type flow* constantly in a certain direction. In this 
case therefore the cycling mean, for the gas fie.: it. arranged between 
the ecunterflow heat exchanger end the .adsorber pair. In this 
ease also, depend' •; on the composition of the ocscous mixture, 
respectively the circumstances of the process, one e-n use u h.Jl. 
exchanger or. one or the other side of the adsorber pair, or a heat 
exchanger each at the same time on both sides of the ..e.orber pair. 

„ the counterflow heat exchanger or the entrance side of the fresh 
nas it would he desirable to arrange for an entrainment separator. 

The cycling of the gas streams from one adsorber, respectively 
regenerator , to the other is automatic per this invention whi.. 
nsnccially desirable because at ambient temperature rhr adsorbed 
quantities of certain only to a limited degree cdsorbcMe ga- de¬ 
ponents arc not subr.tontial, and if these are t< h- rm oved .. itir y 
a shorter cycling time is needed. On the other herd adsorption at 
ambient temperature is combined with considerable Saving of cnerg, 
and therefore the shorter cycling times can be tolerated. 

„ thc -dsorntion tabes place under pressure and the deso.n- 

i -■ ih-. ford th * rye linn nr assure ••qual- 
tion at reduced pressure, M,o. cly bv.orc vn.. . 

-ion is. arranged, for the purpose --- 

saving one can arrange for a pressure eguol./-- 







I 
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► hr ->< J sorh''Pt. Particularly practicable was found pressure equal¬ 
isation only on the exit side of the purified frr«?h gas, because 
the r> L( rify<rr. process was thereby disturbed the least. Further¬ 
more a cr^'oietc rt l iminrtion o e oressure is necessary in the to 
be adso-bed container. A pressure release in counterf 1 ow to the 
frr's.h eas v3 r f^und expedient prior to the introduction of the purge 
into the to be desorbed container. In this manner nrreipitates, 
etc., arc al-e?dy mechanically removed and do not net into separation 
apparatus that minht be connected downstream. If the content 
of adsorbable components varies, the cycling would be expediently 
controlled by meirs of r temperature sensor at a point that is 
reached by the heat flow which is released during adsorption, for 
example, in or close behind the adsorbent, in such a manner that 
when r. rf' r t?”'n temperature is exceeded the cycling occurs. 

The process ner this invention is explained through two ex¬ 
amples, whereby figure 1 shows the case of using on both sides re¬ 
generators, and figure ?, the case of using counterflow heat exchangers. 

In figure l are (1) and (2) the ’ayers of adsorbent between 
the storage, masses (3) and (7) respectively (A) and (8) on the other 
side. The cycling means (5) and (6) provide for the periodic cycling 
of th« gas streams. They cycle automatically. The fresh gas, for 
example, compressed air flows in constantly at (11) and goes in the 
di-ection of the solid arrow via cycling means (6), storage mass 
(**), adsorber, (2), storage mass (8), and cycling means (5)* to the 
util 1 nation or f urther separation. In the storage mass (4) which 
has been cooled during the prior period the gas is pre-cooled and 
thereby rives off a part of the condensate component (water vapor) 
at the temperature of the storage / it tnen enters pre-cooled and 
prrpur i f irr! the adsorbent (2) where it is cleaned completely of the 
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adsorbablc. components (C0 ? , HjO, C.,!!.,), it gives of r ir ' P‘* rt To 
adsorbent (2) the released adsorption hear on-.! in port: to the storage 
mass (8) and then flow; via (5) and (10) purified, dried and cooled 
to utilisation. Concurrently, dry purge gas Mews constantly 
through (9), for example, pressurcless nitrogen, and in the des¬ 
cribed ease flows via cycling means (5) to t!.r. left adsorber in the 
direction of the solid arrows, this mens through storage ness (7), 


adsorbent (1), and storage mas? (3) and exits at (1?) via cycling 
means (6) in loaded condition. The purge gas is preheated by 
storage mass (7), which was preheated during the prior period, so 
that the desorption of the adsorbent (1) is made o'sijr. At the 
end of the adsorbent, due to giving off heat to the adsorbent 
which is to be desorbed, and having tc provide this del orption 
heat, the cooled purge gas is now again trough* up to about amb’ent 
temperature by "tci-.ns of storage mars (3)f ao that i t ,\its w -boo., 
substantial calorie loss. After a certain time storage mass (7) 


and storage moss (3) ore in port cooled down so th-t cycling he-, 
to take place. For this purpose the nitrogen release vivo {??) 
in n branch connection is briefly opened, so that th< purge go.< 
(nitrogen) can be released to atmosph.-rc. Thir *-h *'th-:r 

valves is best automatically controlled. It ir opened only r r * V 
period of tine needed until the pressure in the to be p'- r j-. -i ' .in^r 
pi eh is being released through valve 04), has s ,, n': ^ or r c 
of the purge gas. The cycling valves (5) and (M r-o placed • n 
closed position for a short period. Through opening o r valw 
the pressure between the pressurcless container end the cvita.r. r 
under pressure s being equalized and finally after 
the rcmcinimj pressure in the loaded container is released >n ?• u~! 
flow to the loading gas / thcn valve (1*») respectively 0?\ rl - r ' : ~ 
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after this valve is closed again. During the short ocriod of 
closing of valve (5) arid (6) the fresh gas is stored in a not 
shown container which is connected at ( 23 ), md the -.-partition appnr 
tus downstream, which is also not shown <s supplied with gar. from 
a container connected at (24) at the other side of the purifying 
apparatus. Through the opening ov valves (?) end (6) the cycling 
process is concluded. After that the fresh g-.r rowing in at (11). 
respectively the purge gas, coming in at (?) flew in the direction 
of the dashed arrows each through the other adsorb?-. The- fr-.sh 
gas now heats storage mass (3), and the purified gas the storage 
mass (7), while the above described process *-h during purging 
of adsorber (1) repeats itself with the to b~. desorbed adsorb or >’*). 

Figure 2 shows the case of using eounvnrfV• • h ut exchangers 

on both sides of the adsorber pair. Here (1) end (3) ere adsorhn-- 

whieh arc arranged between the cycling means ( r ) respectively if?), 

respectively, the counterflow exchangers (15) and (’5). In tho 

pictured ease the constantly fed fresh gar. (air) flows et (14) 

under pressure, for example (5) atstosphers th-'ouch tho wn^rf’si 1 

Component (water) end ent 

heat exchanger ( 16 )» gives off there condrnsnb! coerce leaned, res¬ 
pectively predried the adsorbent mass (2) and leaves it via cycling 
means (5) cleaned (of H ? 0, C0 ? , and C H ? ) end gives off the bent it 
carries along in the counterflow heat exchan^r (If) to t.lv* purge 
nos. It exits «nt (20). The pressurcless nwr;.~ g^s (ni tron-'n) 
entering at (19) is preheated v/i th purified fr^sh n.-i- (air) in ex¬ 
changer ( 15 ) and flows through cycling means (?) to rd-orbont (1) 
which is being regenerated in the illustrated case. Here it cools 
itself thereby and after leaving the adsorbert { t nives off *>s 
cold temperature in countorflow heat r'"'h-nnor HO to th-> at (!*■») 
inflowing fresh gas and then exits into the atnosnher^ at (17). 

After the cycling tho fresh gas goes through ndsvrhenf M) *nd -he 
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flow in the count erf low 

purge gas through adsorbent (2). The gas Hen/ 

i not ehaiTe The action of the cycling process 
heat exchangers ck>cs not cnai.ec. 

corresponds to that already described in ease 1. 

All cycling is best accomplished automatically. The duration 
of opening respectively closing of the valves during the cycHng 
process .advantageously amounts to only a fev/ second 
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Patent Claims 

1. Process for separation respectively purification of qaseous 
mixtures by means of periodically cyclablc adsorbers, which are 
desorbed through counterflow purging, characterized in that 
for the purpose of utilization of the adsorption heat in the 
to be purified gas a heat exchanger is provid'd for at the 
exit side of the purified gas, in which on one hand the purified 
gas is cooled and on the other hand the counterflowing pure'' 
gas is preheated for tho desorption, and/or for the purpose of 
utilization of the desorption cooling of the loaded purge gas 

a heat exchanger is provided at the exit side of the ourre gas, 
respectively at the entry side of the to be purified ra~. in 
which the fresh gas is pre—coded in hca v exchange bv ‘•lie from 
the adsorber coming loaded purge gas, before ft enters the tv 
be loaded adsorber for the purpose o r pur i f ict • ion cr secretion 
through adsorption. 

2. Process per Claim 1, characterized in that a heat exchange takes 
place before and after the adsorbers. 

3. Process per Claims 1 and 2, characterized ir. that periodica’ly 
cyclablc regenerators arc used as heat cxc*-mg-, rs. 

h. Process per Claims 1 through 3, characterized ir that the be¬ 
ginning and the end of the adsorption sp^ce *r. in constant com¬ 
munication with the regenerators and the the regenerators and 
the adsorbers are cycled together. 

5- Process per Claims 1 and 2, characterized in that before respec¬ 
tively after each periodically eye’ed adsorber pr.ir c nor.-cyc rablc 
counterflow heat exchanger is arranged. 

6. Process per Claims 1 through 5> characterized in that the cycling 
is automatic. 
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Procc->'. per Cl oi1 thresh 6, cl’ rcetcri:*< ' !1 'Ivt in tiK 

course of eve linn o pro'-'ire eque I ' r Jt : on he*: n lotT'-c’ 

end I'nloodod edtorbent "'’os piece, .'•re f\i” :'y at ~ :,r r-'.r’r. 

of the -rocci-. r jS, on II ts c dc'pre-v’ '"'n of .he r — 

neinc’^r procure opporitc the direction of *■!'•*' loo-’inr. 

A preen'.' - Cl. in-. I through 7, eh rocter ’ re '! in tbot the 

.vrerot’e cycling, especially v:fth veryin- rvt,n» of nd-.orhoh’c 

components, i controlled by o te-ecrctur sensor ir t u o 

* 

r.tornjc no-- or in the 1 coded adsorbent. 

App^rt ’:••-■ to carry out the process p'- r Cloi’*.- 1 through 3, 
chor ee* - ' - ■" eon’ through hero*" exch .o-j - . o'.; ,, ir.r.vp*' the cv’ 


the bcq’ohle ; of t.h ;■ adsorbent I ever. 





PLAINTIFF'S EXHIBIT 5D 

Kahle German patent No. 970,223 and Translation 


\ 
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F.rfcill nuf Grund c!cs Hrsicn ObciicitiinnsjTCSClso: vom C. Ju!i \ 9~\9 

(Vs iCBI. S. 175 ) 


BUNDESREPUiiLIK DEUTSCHLAND 


/ 


'7-* * cr j^ 
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2S. AKilST lil.'iS 


DEUTSCHES PATENTAMT 


PATE NTSCH RIFT 

JEr. 9 7 0 2 2 3 

KLASSE 12 e GRUPPE 3 02 
INTERNAT. KLASSE B 01 d - 

p 22 / 20 IV C/I2C D 


Dipl.-Chem. Tv. Heinrich Kah'e, Pullach bei Munchen 

ist als Erli:>Jji genaunt woiden 


Gesellschdft fur Lii.tie's Eismaschinen A.-G., 
Hollriegelskrc-ulh bei Miinchen 


Verfahrcn zur Abtrcnnung adsorbicrbarer Bestandteile 
aus Gasgemischen 

Patenlierl im Gebict dci Bundesrr) jjlik Deutschland vom 26. November 1918 an 
Patentaiunclduw) bc^dimlgemathl am 23. Mai 1951 
Patcnterleiluny bckanntgcmadU am 14. August 1953 


Rs ist hekannt. acKnrhicrhatc l’cstandteile von 
Casgeniisclien niittels peril wliscli nnischaltli.iicr. 
• lurch ailsothaltreiex Spi'ilcpis re^enet ierh.uer Ad- 
miiIht zifeiirferticn I kihei ist e» in der Adsorptious- 
5 teclniik allt'cinein iihli'li. dal! Ailsorliens iiiii his zu 
ctwa 50 bis 75" .. seiner niaxiinnlcii Aiiiiialnm fiilii" 
kcit. die als I ileidl'.'fwiclll'helnilltll;' lic/eicllltct 
wird. zu licladcii. I 'er ais iiiiiYMnncItsiicluiliiii;; lie 
z.eielinete Wirt i't d.iiin erreirlit. wen 11 die iv'iiv.i ti¬ 
ro trati.m des zu ad-orliivi'eiidcu lleslniiilleilcs ini I'.inl- 
|nralukt von ciil<-lil kleiuen knustuiileii odei nur 


wcni^ sicli aitdcriulen Wert pldt/licli liesclilcniiii!l 
an/U'tei^cn bcpnnt. 

Das IteMrclien j^chl ill dcr Teclinik stels ilaliin. 
I’cdinirun^cii aiifz.iiMiclieii. hei dciien die Aufnalinie 15 
• tiilti^keii des AiImhIh'iis ttesleiyert wirrl. I>.ini|ii< 

• ler tia-l«''taii<lteile. ileren tln-sijji I’liase aueli l«i 
eewir'inlieliu' Tem|ieratnr existiert. wie die I' tuple 
von Wasser mler oi^ani'Clien l.osiiiiKsiuitielti. wer- 
•len liereit.s l>ei itcwiilinl idler Teiii)ieratiir dtircli Ad ><i 
sor|>tiiHiMiiillel. wie tiel. so leielit adsoihieit. dill 
1 mail in tier N’alie ilires Taupuiiktes je naeli Scliir lil 


to •;: m 
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km-v Ihirchhrucli-Uhidmig. n zui-chcn 55 und « 
,|,r" Slitti■•migsU-ladiiiig v.m 35 ‘ " ivlu. 

,1 I,. t . ilu . I ic'.llluU-tadinig VMM 
..ro/mt. cr/iclt. Benzol wird uimr K.H W11 
diugungu. «m.l in ,l,"liol.cr Groiltnoolming vm. 
-\kti\ l-««liU* a.U.rl i.-rt. Anders In-gen dio.\crh-ilt 
wi'iui man vcrsta-hi. tiefs.odcnde Uw. «k' 


| .Muck anderi. I'!.- vfil.lit-1st.-iu- Kt-litlit. 
unti'r V.rlii.liiii>'in elwa ** »• ,lu 

pi.iilviH' ctwa 

xvcrtfs. Sit* wir«l 


ung 1 fillip 
j<-\vi*il> zu 
l ^ „ ilr> 1 idil>- 

ei.ilcit aN '/.ni I'lunir gAcmi- 


®5 


10 


*5 


so 


|U«*NC, Wlllll •Mini *- . 1 

, 1; ,li,- Kolileii-aure dor ntin."|.1i:>ri>clif m l.uit. 

.lurch Adsorption '-it m.terhalh ihrcr laupj.j.!^ 
konzentrati. 11 /u tuuVrmn. I.ci ihm i nrli.ildruth 
,kr in .hr l.uft luliiulliclifn Kolihusauro. naiuh.li 
o nun Hi*, cr/idt man hoi gowohnlichcr Icmpc- 
ratur nur cine tileichgowicht-helathing wn ctwa 
op cem CO-.g Kohlo = ~ '*•«(.“" des Kol'hhi- 
wichtes. Sucht man otwa .lie l.uit dutch A.ls.»rpuon 
id.cr K'.hlc zu reitiigcn uml in dor ul.liohon \uim 
lct/tcrc ctwa lu> Mir Halite die-os (deichgewieht- 
wertes zu holadon. >0 kommt man tr zdom zu kei- 
ncr ge.mgenden Reinigung. Wic Vorsucho /.oigton. 

1st cr-t hoi cincr wosoutlich kh-inercn Bcladung. du 
lici ctwa 0.07 ccm/g AdsorU-ns = 22'dor GR-.ch 
gcwichtshcladung liegt, die Entfernung dcr kohlcu- 
siiuro aus deni Gas his zu cinctn verlangtcn kcim- 
Kungscffckt von ctwa <><> */• ausroichcnd. (U-i 
>5 ringeten Anfordcrungen an den Roinigungsc tekt 
kiiiuion hislure lioladungon z.ugolasscii werden.) 
Xach don nonunion Gesiclitspunkten m dor Ajlsorp- 
tii.nstcchuik crschoint cs also zunachst aussichtslos. 
un.or dieson Bcdingungcii an cine tcchmsch1 wc.t- 
30 gthonde Entforiiiuig tiefsiedonder Case auf dioscin 
\Vogo zu denk.n. da untrnghar holio Adsorhciismcii- 
gon autgowendot werden nnilUen. Kino wescntliche 
Verkiirzimg dcr Un.schaltz.eiton (urn Adsorhens z.u 
sparonl stdl't auf die Schwierigkeit. daO hoi dor IX- 
3S sorption die l.ishcr iihliche Erwarmung und W icdor- 
ahkiihhmg dcs AdsorU-ns aui die Adsorptionstcin- 
peratur nicht in gemigend kurzer Zeit durchgetuhr 
werden kann. zumal da gerade das Adsorhat. das in 
kleincr Konzentratiou auf deni Adsorhens sitzt, 

40 schwierig z.u cntfcrneii ist. 

UUrraschendorweisc wurdc jedoch durch \ cr- 
suche gefunden. dall die Rcgencrierung. aucli hei 
kleincn Coladuitgcn. in kurzer Zeit nioglich 1st. 
wenu man hostimmte Bcdingungen cmhalt. ?o wai 
« es nioglich. mil vincni dauernd extrem hohen keim- 
Kungsoffckt von yyV. aucli klcinste Mengeii ticts.c- 
dender (.a-c. wie CO,. I.ci gcwohnlicheiii l IrucK und 
gowdhnhcher Tcmperauir aus Gasgenusclici., wic 
l.uft. praktisch vt.lUtiindig z.u cntferiicn. woim man 
50 das Adsorhens. au»gohend von cincr Rcstlicladung. 
nur his z.u otwa ->o his (dcicligewichts 

Uladung mit <lem ah/usclieidendon (.as. wie (.(»,. 
Uladt und Units vor Errcichung dcs lJurchl.uichs 
den zugt ladciion I tel rag hei gleichcr I omperatut 
SS mit uherschiissig.in Spulgas wioder cntfcrni. 

Wie die Vei'ticho woiler zeigten. waren 10 Mi 
unit 11 aiMmckciid. tin. don zugoladono.: I’.otrag olmo 
Toni|s - ratuiorh'Jmiig. also hoi dor gle.cheu I o.npo 
ratur mil otwa do... I >roi- his \ .orfaclioi. des ellokt. 
fto von Roligast.-liiiiiolis an *'pulgas zu eiitlortioii. ntoi 
I lit ktivu lhiiiou .st das lalsachlicl. V..111 < >*' oingo . 
11*.iiiinoiH \ . lumoii zu vi rstehoii. das s.cl. ho. gle. 
1I.01.1 tia-gowiolit Olua .....gokolirt pr ..|h . 11. ual /mu 


zi if Inn I. Weiloro k.ngtr dautrudo Vo--nolle zoig^ 
ton dal! dor gh icl.o Roinigimg-oll. kt auf die Hanoi 
ni.ireel.teri.ainn wordon komito u.id dal! lur a.idore 
r.a-o aluilich.or lagonsoliaften aln.hehe \ orlialliu.-o 
ho.-tohon. 1-f.rfi.io wcitgoliei.de Roiuigu.ig .st w.cli 
ti.', dall die /.uladung aucli nicht Ins z.uiii lh>ici 
I,nidi dor ahz.uschoidondon Konipononlo ortolgi. 
soudorn U-i hf.chstons 0O«/« dcr 1 li.rchhrncl.slKla- 
dung alvgchmohcn win.. Auf cl.esc N\ e.sc hlc.l.t 
fine gemigende Schicht viillig uuhelatk-nen Adsor- 
hons erhalton, wolclic don iiulVrst hohen 1* einiRtuigs- 
offekt vor I'.rreiclu.ng des Uurchl.ruchs U-dmgt. 

D.-is Woson des vorlicgendeii crliiidungsKomaUen 
Verfahrons zur Ahtrcnming adsorl.iorl.arer 1.0- 
standteilo aus C.asgcn.ischen mittols per.od.se1 
wochsolharer Adsorber durch adsorhatfrcics . pul- 
uas U’stclit also darin. daC man das Adsorhens nur 
T.is z.u oinein unter 50 "/o seiner Glcicl.gew.cl.tshcla- 
dung sowic miter 90°/. seiner Ourclihruchshcladung 
liegcndeii Wert aufliidt und dar.n auf dcii z.weiten. 


70 


75 


So 


85 


9° 


95 


liegcnden Wert autlaOt uml uar.u am ut., 
iuzw-ischcn von dcr Zuladnng hefreten (tcilcntlade- 
nen) Bcliiiltcr unisehaltct. wohci l.nischa tz.citen 
zwischcii 5 und 30 Miiiuten angewondot werden. Hei 
ctwa .\tmosph:ircndrtiek licwcgt man sicli in dcr 
Xaho dor untoren Greuze fur die I’nisclialtzcit. hei 
erhoh.te.il Druck in dcr Ni.he dcr oheren Greuze von 
ctwa 30 Mimiten. <la mit erliohtem Dritck auch dio 
Aitfiialuncfaliigkcit dcs Adsn.Uns stcigt. ncsglei- 
chen xvird hei crstrchtcni hohem Kemigung-etteUt 
die L’nisehaltzcit ntohr dcr untcren Greuze genaliert. 
Dicse kleincn Umschaltzcitcn werden angewendet. 
um dio Mongc des Adsorhens his z.u e.nem wirt- 
schaftlich noch tragharen Wert hcrahzmsctz.cn. Du 
erfindmigsgeinaBc unlerc Greuze tier Lmschaltzeit 
wird man da hei jetltxh nicht miterschmtcii kemnen. 
da das Tragcrgas fiir die Vermirciniguugen. tlas 
moist rein go won non hzw. verarUitct «cr.\vri so lk 
teilwcisc mitadsorhiert wird und dicscr Toil hu tier 5 
nachfolgcndcii Spiihuig vcrlnrengcht. 

Es ist zwar hcreits vorgeschlagen worden. kurzcrc 
Uinschaltzeiten zu verwenden. die 7.. B. iintof emer 
hall,on Stundo liogen kiinnen. wie cs z. B. the dcut- 
sclic Batcntschrift 6249*2 >m Anspruch 'or- 
schrcil.t I hosts Vcrfahren a.Uitot jo.W-. ...soferu 
antlers, als die Vorkiirzung tier l.inschaltdaiicr nicht 
ctwa wogen tier Ahsicht. die BclatluiigsholK do» Au- 
st.rhous z.u verringcrii. variiort w.irdo. sontlc.n wo- 
do. Xotwciuligkeit. die Vorwo.lzeit dor auf dun 
\dsoiU-ns sit/.ondon. noU-n B.-nzol ahgosohiodonon 
polvmoiisiorondon \ 0runrci11igungtn z.u ' , ' rK,,r/0, l '; 
dio tlas AdsorU-ns unl.rauchhar maoht ii is • " 
sorl.oiis wird tlahe. -tarker Mattel mid das Gas 
mit grtilleror Gcschivindigkoit hin.!;:r--ht;cliihrt. '*•> 
soil naol. Anspruch . der I*.,t. i.tschr..t da-mrch cr- 
ro if lit wordon. dall -dio Ad-orU-.isniei.ge mi '' r ' 
hiiitnis zu der. aus tlt-n pro l ag zu verarU-.U-ndt n 

«last ii gcwiimharcn Ki.hlC-uwasser-i. tl.mn.go Uvr...- 
•vr als 2 : 1 gihaltcn wird*. In. Geg.-nsalz zmu tr 
liiulllllgsgeliliilMl* \ erfahreii wild a -o ‘It 


U5 


1*5 
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lastili ' \i|>nr Ik*i*> »-i!ti•in. Die Desorption it- I 
fulgt dure!, Jiichzviiigvs ii !irel.\- ilci/vii und j 
Ausdunipivu. al'i> praktisch lolUt.mdig itml liiclit | 
toil weisv. wie nach dent erlindimgsgvmalivn Vvrtali- ! 

5 roil, sonic durcli Anucndmig voii uukondcusicr- 
liaroti Spiilgascn. Audi vvir:I die niaximalo Rcla- 
dung uiclit auf libch>tciis oo"/« dor I liuchlinichs- 
hcladung In m'Ii rankt. 

F.s ist ferner ciii awleres Verfalircn nach I‘at cut 
io 704073 mif kurziristigcr I’uischaltiiiig vor Errci- 
chung des Adsorplioiisgltfichgewichtes angcgcben 
worden, livi iliiii alter mir vine lediglich wasscrsiotT- 
reichv (also noch Kolilvnoxyd vntlialtviidv) Fraktion 
aus cinoni Kolil; - nilioxyil-\Va>svrsti)tt-t ivuiiscli ge- 
15 wonnen vvinl. l-’.s wild also hivrlivi kviu Wvrt dar- 
aitf gelcgt, dal! die L’eladuug dcs Adsnrliens mil deni 
zu vnttVrnvndi'ii G.isbostandtcil auf hnch*tciis 90 •/« 
der Durchhruchslicladiing beschrankt wird. 

Erfindungsgcmiill wird dnrch diesc Malltinhnie 
*0 gewahrleistct. dull, wie Itvrcits erwiihnt. vine gc- 
niigende Schiclit Adsorltens von Adsorltat vollig 
frei gvlialtvn wird. und das austrvtvndc Gas frei ist 
von der zu adsorlticrcndvn Gaskoni|>onvnte. Die 
Tatsaclic. daC durcli das erfindungsgemabe Vcrfah- 
*5 ren auch noch cine liohc Rcinlicit der bthandvltcn 
Gase ermugliclit wird. ist uni so libcrraschender, 
als auf holic Dcsorptioiistcnipcraturcn vvrzichtet 
mid das Adsorltens bvi glciclier odcr nur wenig 
lidhcrcr Teiii|>erattir nur tvilweise entladeu wird. 

30 Der Rcinigun^. .-ftekt ist cin besonders lioher, 
wenn bci der Tcilentladung das adsoibatfrcic reine 
Spiilgas entgegengesetzt zur Roligasrichtung (lurch 
das Ads.irbcns strijfnt.'Dabei" ivird das Spiilgas so 
gut'ausgcnutzt, daU vrfindutig.-gcmaD bereits ein 
35 Spulgasvolumcn gleicli deni I >rei- bis Vivrfachen 
dcs Roligasvolniuvns ausreicht. 11111 bci Uingchungs- 
temperatur sowiv bvi dvr gleivlicn Tcnipcratur das 
Adsorltat so wvit zu entladeu, dall cin glvicliblcibcn- 
dci Reinigungsvlii'kt von nivlir als 99 •/• fiir die 
40 Daucr gcwiilirlvistet wird. olme dall Spiilgas iiber 
die Rohgastcnipcratur angvwarint werden mull. Das 
Verfalircn kann prinzipicll mil alien Adsorhens- 
artcu diirchgciiihrt v •erden. Es ist alter zwcckniaOig, 
mit Adsorlicntir: icsondcrs In then Adsorptionsver- 
45 indgens zu arbviten und crliiidiuigsgcmiiC bcvnrzugt 
mit solclicn. die auf Grnnd der svlcktiven Adsorp¬ 
tion der abzusclividcnden Rcstandtcilv dicse beson- 
ders stark zu Itiiidcu vcriniigvn. wiilircnd das Trii- 
gergas rclativ wenigvr Iviclit adsurbiert wird. Dos- 
50 glciclivn wurde ein grollcr Einllull dvr Krtrntuig dvs 
AiUorlteusiiiateriaG in deni Siniiv gvfuiidvn. dab 
mit feinvrer Kbrnuug dvr Wiikmtgsgrad dvr Rcini- 
gung stvigi. Dieses i>t zwar i|ii:iIitativ tiieoivtisch 
vorauszusvlivn. vs ist jedocli zwcckmallig. mit Riick 
55 sivlit auf die Gvfalir dvs MilrnOens bei svlir kleiner 
Kiirnuiig mid auf den In,Inn Druckabfall. dvr in- 
t'nlgv dvs lici Vvrwviidimg run fvinvr Kbrninig stci- 
gviidvu Wirknugsgradvs vnistvlit. kviuv nkcrmaliig 
klviuv Kbrmmg. smidvru uacli viuviu wvitvrvu l.i- 
60 liudiiugsgvdankvn Kiiriituigvil voii 1 bis 3 nun anzn- 
wvndvii. d.i v> in divsviii llvrvicli llovli mbglich ist, 
mit crtrhglielicn I liiivk.ibl.dlvu zu aibvitvn. Ih'mmi- 
dvrs wvmi d.iln i vriiiidungsgi'iiihll Onvrsvluiitlv dvr 


Adsorbensscliiclit zwisclivn 0.5 und t ipn pro 
unto cbm stmnllivli striiinviali > Gas angem-ndet 65 
werden. Die Adsorbvnsscliiclit Mill dabvi mit Kiick- 
sivlit auf dvn vrsirvbtvn In•livu Reinigiiiigsdickl 
iiiindvstvns £.5 in la:.j -111. Div'ibv:, 1 irvnze die¬ 
ses Wvrtes riohtet sivli naeli dvm /.ula"igvn Dnvk- 
ab/all und deni mit Riivksivht auf die Milaiboiption 70 
dvs Tragcrgasvs bvgrenztvn Aufwand an Ailsnr 
beusnieiigc. 

Stvlit das Gas timer Druck, wobvi das Efl'vktiv-^ 
volunien dvs verdiclitetvu Gases dem Druck uu:ge- 
kvlirt proportional ist, so ist uadi cincni wvitvrvu 75 
Erliiidnngsgcdankvn das Volumvcrhalinis 1 :3 bis 4 
zwisclivn Roligas und Spiilgas gcwiilirlvistet. wenn 
der Druck dvs Roligascs mindesteiis drei- bis vivr- 
mal holier ist als dvr des Spiilgasvs. 1 st also /.. LI. 
das Xornialvolumvn. gcniessvn bvi 1 ata, vou Roll- 80 
gas und Spiilgas gleicli und dvr Spiilgasdruck 
= 1.1 ata, so rcicht cin Roligasdruck von 3.3 bis 
4,4 ata aus. uin dem nach obigeni vorgesclirivbvuvn 
Vcrhiiltnis 1 :3 bis 4 als untcrer Greuze zu geniigvn. 

Ist dvr Rcinlicitsgrad uiclit ausrciclicnd. so kann 85 
durcli Erlioliung dieses Vcrlialtnisscs oder, wenn 
dies nicht nuiglicli ist, durcli Verkiirziuig dvr Uin- 
sclialtzvit in dvn obigvn Grenzen cine Vcrlicssvrung 
errcicht werden, sofern der Vcrlust an Triigvrgas 
noch crtriiglich ist. 9 ° 

Rcicht die zur Vcrfiigung stchendc Spiilgas- 
menge nicht aus, so geniigt cine Anwariiiung um 
wenige Grade, urn unter den gegeltencn Bcdingun- 
gen mit noch klcincrcn Spiilgasmcngcn auszukom- 
mcn. Fiir je cine Ilalbierung der Vcrhaltnis/.ahl 3 95 
ist cine Erhbluing des mittlcrcn Tcinperaturniveaus 
der Tcilentladung von 3 0 C (untcre Greuze) gegen- 
iiber dem Zuladungsvorgaiig aiisreichcnd. Durcli 
diesc rationellc Auaiiutzung dcs Spiilgascs und 
durcli den Wcgfall von groCcn Encrgivn zu seiner 100 
Vorcrhitzung wird dvr Umstand aufgcwogcn. dall 
die Adsorltensnicnge infolgv ilircr geringen llcla- 
dung immerhin noch relativ groB sein mull. Aiulc- 
rcrscits ist der Umstand giinstig, daG infolgv der 
daltei atizuwendvndvu griifleren Ouerschnitte der 105 
Adsorltcr det Druckverlust dcs striimcndcn Gases 
kleiner und der Encrgicaufwand zur Ubcrwiiuiiuig 
des Strdmuiigswiderstandvs geringer ist. Das all- 
gviiiciue Tempcraturniveau der llvladuiig uml Elit- 
ladling kann je nach Umgvbungstcmpvratiir holier no 
odcr tiefer sein. Durcli Verkiirziuig oder Verkingc- 
rung der L'nischaltzcilen wird man sicii den 
vcrandcrtcn Bcdingiingen anpasseu kbnnvii, olme 
wescutliclic Anderiingen an dem Vcrhiiltnis von 
Spiilgas zu Rohgasincngc vomelnneii zu niiisscn. 115 
Man kann auch, uni mit wcscntlich klcincrcn Ad- 
sorhciisincngvn aiiskninmen zu kbimcii. erlindimgs- 
gvmiiU bci tiiivreiu Tcin|K'ralurnivc.ni arliviten als 
vs dfv I 'mgvbuug auiweist. iiisliesondcrc wvmi olme- 
bin das Roligas ails Griindvu dvr weitervii Zvr no 
Icgurg abgvkiiblt wvrdvii mull. 

1 st die Koii/viitration ties ab/.ii'clieidviuieii |!e- 
slamlleils bocli. so kann man in an sicii Ix k.iiuu. r 
Wvist* zur Abfiibniug dvr Ad'oipiioiiswarmv die 
lieidvu Adsorbvr nach Art von Warinvaiistan-vluiu nj 
iiniiiandir Itauvu Div Ad'orptioiou armv koiiuut 
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dalioi <U in Knlladovurgang. die Dcsorptiimskiilto I 
clvin I Solii«K*vi'»rj's*njr /uguto. 

Kill WamRuii'UUsch /wiscliou beideu \ organ j 
gen i>t aucll dllitli die an sicli 1 n-U.uiillr Xachschal- 
* 5 tuns; von Speiehorma'son moglieh. an wolclio die 

austrotendon Rnligasc ihre Marine abgehen. I**e>e 
wild ihrerseits nach Umschaltung auf das Spiilgas 
iibortragen. 'Das glciclie Mitu-I kann angewendor 
werdon. wenn das Spiilgas vim vnrnhereiu kiilter i't 
io als das Rohgas. 

Die liei dcr Adsorption grollercr Dampf- odor 
Gasmongen frei werdondo Adsorptionswiirtnc, die 
deni zu lictadondcn Ad-orlions vine liiiliore T ompe- 
ratur ortcilt. kann crlmduugsgein.iB so ausgenutzt 
15 werdon. dal) liorcits dann tungesehaltet wird. ivonn 
cine licstinunte Tomporaturerhblmng an finer Moll- 
stcllc. z.B. in dor Mine dcs gcrade in dcr Beladung 
bclindlichctt Adsorlicns crreiclit wird. Auf diesc 
Weise blcibt aucll die Tcmpcrnturorhbhung des Ad- 
ao sorbons zur Fordorung dcr nachfolgoiulon Tfilent- 
laduiig crhalten. Ks ist besonders zwcckmiiBig, die 
Temperaturcrlidlunig dazu auszunutxcn. dall man 
in an sich bekannter Weisc dicscn Adsorber attto- 
matisch nach Auslbsttng eincr dementsprcchendcn 
»5 Vorrichtung uinsclinltet. Dies kann z. I), dadurch 
geschchcn, dad cin Kontakttherniometer bekannter 
Art in das Adsorlicns eingebaut wird und rclais- 
artig einen Stromkrcis schlicBt. in dent die Lm- 
schaltvorrichtnng liegt. 

30 Das Verfaltrcn sci an eineni Beispiel naher er- 
lautert: Luft mit 0,03 °/o Koblonsiiure wird boi 
1,4 ata und gewdhnlichcr Tcmperatur iiber einen 
von zwei parallel ge.-chaltcten Adsorbern, die mit 
einer Aktivkohlcschicht von 1.5 m Lange getiillt 
35 sind, mit einer Raumgcschwindigkeit von 600 cbm 
pro cbm Adsorlicns und Stunde gcfiihrt. Xach 
to Minutcn Reladutigszeit werdon die Adsorlier in 
bekannter Weisc gcwechselt und ansclilieCend dar- 
an dcr bcladene Adsorber mit kohlcnsaurefrciem 
40 StickstofT von 1,15 ata bci gleieher *i emperatur und 
ntit einer Raumgcscliwindigkeit von 3400 cbm pro 
cbin Adsorlicns und Stunde gespitlt. wiihrend dcr 
wiilirend dor Beladung des eisten Adsorbers inzwi- 
schen gcspiiltc, teilweisc entladcnc zweitc Adsorber 
<5 beladen wird. Dor Reinigungscltokt betragt nach 
too Stundeti Wocliselbetrieb 99.5“ " cntsprcch'-e.u 
0.00015 ®/o KolitensMure im Rtidgas. 

Die erreiehten Vorteile liogon. wie das lleispiel 
zeigt. in der hohen Roinigungswirkung des Adsor- 
50 liens, das im vorliegendon l'all nur mit 20*/« seines 
Glcichgcwichtswertos. niimlich mit 0.07 cm* CCL/g 
Kc.lile beladen ist, olme dal) jcdneli infolgc dor kur- 
zen Dmsehaltzoit die \iKorbor unwirt*chaftlicli 
groBc Ausmallo crhalten. Boi libhcmt (Jchalteu an 
55 Adsiirbicrbarem im Rnhgas liegt fin besnndcrer 
Vorteil darin, dal! iufolgo der kur/.en I'nischaltzcit 
praktisch die goamto Warme des Adsorptions!or- 
ganges im Adsorber verbleibt mid smnit fiir die an 
sChlieDcndo Desorption mozliar verwendot wird. ks 
60 i.,t somit moglieh. die Kntiernung von danipiiormi- 
gou \'erunreinigungi , n ans Gasoil, die man sons! 
gem l«i liolioron Drttcken durclifillirt (wegen des 
geringoren relativen Dampfgelialtesi olme N'acl'teil 


fiir die Reiiii:;ung'\vir.knng und mil goringerem 
I'norgieaufwaed aucll ln-i niodi igeroiu Druok durch- 65 
i.niulnoii. 


Patentansi-rcciik: 

7 ° 

1. Vorfahrcn zur Abtrennung adsorbierharcr 
Bestandteile aus Gasgeinischcn mittels pori- 
odisch wechsclbarcr, durch adsorhatfrcics Spiil- 
gas teilweisc regenerierter Adsorbontien, da- 75 
durch gekcnnzeichnct, dal) man das Adsorlicns 
nur bis zu einem unter 5 0<, /° sc mcr Gleichgc- 
wichtsbeladung und unter qoVo seiner Durch- 
bruchsbeladung liegouden Wert aufladt, dann 
auf den zweiten inzwischen teilweisc rcgcnc- 80 
rierten Behalter emschaltet, wiilirend der erste 
mit uberschussigem Spiilgas in entgegengesetz- 
ter Richtung tcilentladon wird. wohe' Umschalt- 
zeiten zwischen 5 und 30 Minutcn angewendet 
we'den. 8 5 

3. Vcrfahren nach Atispruch 1, dadurch ge- 
kcnuzcichnet, daB man die Teilbeladung bci Um- 
gcbungstenipcratur sow ie bci dor gleichen Tem- 
perat.ir durchfiihrt wie die Tcilentladuug und 
daliei ein Spiilgasvolumen gleich dem drei- bis 9 ° 
vierfachen effektiven Rohgasvolumen durch das 
Adsorbons schickt. 

3. Vcrfahren nach Anspruch 1 und 2. dadurch 
gekcnnzeichnet, dafi man Adsorhcnticn holier 
selcktiver Aufnahtnefahigkeit fiir den alizuschei- 95 
denden Bcstandteil anwendet. 

4. Vcrfahren nach Anspruch 1 bis 3, dadurch 
gckennzeichnct. daB man Adsorbenskornmigeu 
zwischen 1 und 2 mm verwendet. 

5. Verfahrcn nach Anspruch 1 his 4, dadurch 1°° 
gekcnnzeichnet, daB man Querschnittc der Ad- , 
sorlicnsschicht von 0,5 his 1 qm pro 1000 chin 
stundlich stromendes Gas bei Schichtliiugeu von 
mindcstcns 1,5 m verwendet. 

6. Vcrfaln n nach Anspruch 1 bis 5, dadurch t °5 
gekemizciclmct. daB man bci glcichem Normal- 
volumcn von Rohgas und Spiilgas den Druck 
dcs Rohgascs bci der Beladung drei- bis viermal 
hiilter cinstclIt als den Druck dcs Spiilgascs. 

7. Vcrfahren nach Anspruch 1 his 'S, dadurch »»° 
gekcnnzeichnet, daB man bci einem Untcrschroi 

ten des Volumverhaltiiisscs Rohgas : Spiilgas 
von 1 :3 bis 4 fiir je fine Malbienmg dcs \ er 
haltnisscs fine um 3 Grad liohcre Tempcratur 
(untere Greuze) dcs Spiilgascs verwendet. “S 

8. Vcrfahren nach Anspruch t bis 7. dadurch 
gckeimzciehnot. dall man das Tempcrntiimivcau 
dcr Adsorption mid Desorption gegeuiilier der 
l.'mgeluingslcmperaiur senkt. 

<). Verfalireii iiaclt Anspruch 1 his 5, dadurch no 
gckonuzcichnqt. dall man in an siclt liekauiilor 
Weiso im hitcresse eines Wiirmoati'lati*i'hes 
zwischen lleladimgs- und Kutladungsviirgaiig 
(In i luiliorou Kou/ontrntiouen der ali/tisehcideii 
don I'lfstandleile) luido Adsorlier nach \rt von »*5 
Wiiritieauslatisoliern ineiiianiler bant und auf 


ir 
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970 

rliiM; Wcise in tlierinisclien Kontakt mili'iiiandcr 
brinj't. 

io. Veriahren nach Anspruch i his 9, dadurch 
Kekennzeiclinet. duC man die Adsorber aiilotua' 
tisch umseliahet, sohald infok’e "nilierer adsor- 
hierter Gas- und Dainptiuen^en fine vorlie- 
stiinmtc Teinperaturerlibhunj,' an finer hestinuu- 


223 

ten MfOstflle im hfladenen Adsorhen- cr- 
reiclit ist. 


In P.etraeht {je/o^fne Itruekschriftcn: 
Dfutsclif I’atenlsfliriiten Xr. >, 70407,;: 

Ii r a t z I e r . »Adsorption von Gasfn un i 
Dampieiu, 1944, S. 107, 108, 121. 


I 
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GERMAN PATENT NO. 970223 


It is known that aduorbable components of gas rnus mixtures can be sep¬ 
arated by means of adsorbate-free purge gas through cyclically switcliablc 
regenerablc adsorbers. It is common practice in the adsorption technique to 
load the adsorbent only to about 50 to 7 5 percent of its maximum capacity which 

Is. C a 11 ed / "equilibrium load." The value which is called "breakthrough load" is 
\ 

then reached when the concentration of the to be adsorbed component increases 
suddenly in the end product from a small constant or only minimally changing 

value. 

In the technique, efforts are being made constantly to find conditions which 
increase the capacity of the adsorbent. The vapors of gas components, whose 
liquid phase also exists at normal temperatures like the vapor s or water of or¬ 
ganic solvents, are adsorbed so readily at normal temperatures by adsorbents 
like silica gel, that in proimity of their dewpoint and depending on length of 
layer, breakthrough loads between 55 and 80 percent of saturation load of 35 
weight percent, this means a total load of about 20 weight percent is obtained. 

The conditions are different when one tries to adsorb gases of low boiling point 
through adsorption far below their dewpoint concentration like the COg of the 
atmospheric air. With the partial pressure of tl c C.0 2 contained in the air, 
i. e. , 0.2 mm of mercury, one obtains at normal temperatures o.nly an equilibrium 
loading of approximately 0. 32 on.n of COg per gram of charcoal. This is approx¬ 
imately 0. 06 percent of the charcoal weight. When one tries to purify the air 


I 


J 
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through adsorption over charcoal n.l as is customary, tries to load the 
charcoal up to half of its equilibr uin value, one nevertheless does not obtain 
adequate purification. As tests have showi^ only by a substantially smaller 
loading, approximately 0.07 coin per gram ol adsorbent which is approximately 
22 pel cent of the equilibrium loading, does one obtain adequnlt removal of the 
C °2 from the gas to a desired purity of about 99 percent. (When lesser require¬ 
ments of purity exist, higher loading is permissible. ) Based on normal consid¬ 
erations in the adsorption technique, it appears hopeless, under these conditions, 
to think of technically extensive removal of low boiling point gases in this manner 
( because, impractical, large quantities of adsorbent would have to be used. A 
substantial shortening of the cycle time to save on adsorbent, encounters diffi¬ 
culty in that, during desorption, the up-to-now common heating and cooling oi the 
adsorbent to the adsorbing temperature cannot be accompli shed in short enough 
time, especially as the adsorbate which sits in a light concentration on the 
adsorbent is difficult to remove. 

Surprisingly, however, experiments have shown, that the regeneration, 
even in the case of small loadings, is possible in a short time interval when 
certain conditions areObscWpd.So it was possible with a constant, ext r. m, ly 
high purifying effect of 99 percent to practically remove entirely also : in. Her 
quantities of low boiling gases, like CO^ ’ **^ normal pressure* mu! non.. ! 
temperatures from gaseous mixtures, like air, when the adi.ot nen!, -a 1 . • t» . 
with a residual load, was only loaded up to about 20 to 2 r > pi rc . i:l it * >. -il. 
brium load with the gas lo be adsorbed like CO,;, mil already prior to ih. hr. ; - 
through being i one lied the added load was removeil.il the same I < inpei ■ • a - >. .' .> 
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unneeded purge gas. 

As experiments showed, further, ten minutes were sufficient to remove 
tiie added load without raising tne temperature, in other words, at the same 
temperature, by means of n purge gas volume which was three to four times 

i 

the effective raw gas volume. liiffective volume sliould be understood to mean 

the actual volume occupied by the gas, which is inversely proportional to the 

pressure of the gas of the same weight. Under these conditions, the residual 

load amounted to 8 percent and the added load each lime to approximately 14 

percent of the equilibrium value. In the following, we will use the term cl 

"add-load" fur identification. Further experiments of longer duration showed 

find that 

that the same degree of purity could he maintained permanently/tor other gases 
of similar characteristics, similar conditions exist. For effect.ve purifying 
it is important that the add-load is not increased to the breakthrough point of 
the co! ponent which is lo be separated, but is stopped at the latest when 90 
percent of the breakthrough load has been reached. In this manner, a sufficient 
layer of un-loaded adsorbent remains \v tich is a condition for the high purity 
effect one obtains prior to reaching the breakthrough. 

The essential of the foregoing invention to separate adsorbable components 
from gaseous mixtures by means of periodically cycling adsorbers through ad- 
,sorhale-free purge gas is that the adsorbent is being loaded at less than 50 percent 
of its equilibrium load and Jess than 90 percent ol its breakthrough load, and that 
one thi.-,i bwilt In'ii < vr lo a second container whicn has in the meantime been 
fried id it:, add load (,».i cl ial ly un lii.nlcd), win reliy a switching cycle <»l between 
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five and thirty minutes is utilized. Near atmospheric pressure,one would 
operate in the area of the lower limit of the cycle time and at higher pressure 
in the area of the upper limit of approximately thirty minutes because with 
.increased pressure Die adsorbing capacity of the adsorbent increases. Like¬ 
wise, when one is aiming at high purity, the cycle time is to be near the lower 
limit. These short cycle times are being utilized in order to keep the quantities 
of the adsorbent economically practical. The lower limit of the cycle time given 

in this invention will hardly be possible to undercut, because the carrier of gas 

. / 

of the impurities which mostly is to obtained pure, respectively is to be utilized 
will be in part, also adsorbed and this part will be lost during the subsequent 
purging. 

Admittedly, it has already been suggested to use shorter cycle tim :s 
•which would be less thar. half an hour and as for example given in patent o. 
624912, i.e. Claim No. 5. This process, however, works differently in that 
the shortening of the cycle time did not intend to reduce the loading of th adsor¬ 
bent, but was needed to reduce the duration of time during which the, in iddition 
to the Benzol, separated polymerized impurities, which make the adsor enl un¬ 
usable, were silting on the adsorbent. The adsorbent is therefore being 1 sided 
heavier and the gas is passed through at higher speed. In accordance w th Page 1 
of that patent, this supposedly is being achieved th ough "the quantity of adsorber: 
is kept in a ratio of less than 2:1 to the CO^ quantity obtainable per day. 1 Con¬ 
trary to the invent ion, he r*.ft he loading of the adsorbent is increased. II e desorp¬ 
tion ia cc ompl i.lnal I b i'< >iqdi null iinvnl lie 1 1 i ng and vapori '.i n •; I In: rein i ■, 
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practically complete and not partial, like in this invention as well as through the 
use of uncomlcnsoblo purge gas. Also, the maximum loading is not limited to 
90 percent of the breakthrough load. 

There is furthermore another process per patent 70407 3 disclosed with 
short cycle prior to obtaining of adsorption equilibrium where, however, only 
a hydrogen rich fraction (therefore still containing CO z ) is being obtain* out of 
the CO z hydrogen mixture. No attention was given to limiting the loading of the 
adsorbent to a maximum of 90 percent of the breakthrough load. 

Per invention as mentioned, air eady,through this requirement (by limiting 
the adsorption to a maximum of 90 percent of the breakthrough londing/is assured 
that a sufficient layer of adsorbent remains entirely free of the adsorbate and the 
effluent gas is free of the gas component which is to be adsorbed. The fact that 
through this invention it is possible to obtain high purity of the process gas is still 
more surprising in view of the fact that high desorption temperatures are not being 
used and the adsorbent is only partially unloaded at the same or only slightly 
higher temperature. 

The purifying effect is especially high when, during the partial unloading, 
the adsorbate-free pure purge gas flows in opposite direction to the raw gas How 
through the adsorbent. In this manner, the purge gas is so thoroughly used that 
per this invention, even a purge gas volume of three to four times that of raw gas 
volume is sufficient to unload the adsorbent at ambient temperature as well as at 

1 . . Ill I , rmmi n i imrifvini’ offer I <>f better Hum { ) K ) pcvcort 

the slum: tcmpuMUn c, th.it a t oasi.iiu 

t iH guaranteed permanently without that the purge gas has to he heate d above the 
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temperature of raw gas. The process can.in principle, be used in all types of 
adsorbents. However, it is advantageous to work with adsorbent materials that 
have a specially high adsorption capacity and in accordance with, this invention, 
^preferably with those that, through selective adsorption of the component which 
is to be separated, can bind this component strongly and will adsorb relatively 
/little of the carrier gas. In this sense, it was found that the particle size of 
the adsorbent material has considerable influence in that, by smaller size,the 
effectiveness of the purifying increases. This is to be expected, but it is for 
practical reasons desirable to avoid excessively small size, to avoid the danger 
of carrying along the very small particals and getting also a high pressure drop. 

In the sense of this invention, parlical size of one to two mm should be used 
because in this range it is still possible to have a tolerable pressure drop espec¬ 
ially if the cross section of the adsorbent material is between one-half and one qm 
per thousand cbm hourly gits flow. The adsorbent layer should be at least one 
and one half meter long considering the high purity effec t desired. The upper 
limit of this value depends on the allowable pressure drop and the amount of ad¬ 
sorbent in consideration of the incidental adsorption of the carrier gas. 

If the gas is under pressure, whereby the effective volume of the gas under 
pressure is inversely proportional to the pressure, then in accordance with an 
additional thought of this invention, the volume relationship of 1:3—1 between raw 
,ga.‘; and purge gas is assured when the pressure of the raw gas is at least three 
four times higher than that of the purge gas. .'Jo, for example, if the standard vol 
Mime, inc asurc.ikil. cOutata., of raw g.s and purge gas is the same, and the purge- 
gas pressure is I. I ala., then a raw gas pressure ol i. t to 1.1 ata. is sufii< ion! 
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for the above-described relationship of 1 : 3-4 lower limit. If the degree of 
purity is not adequate, improvement can be obtained by increasing this ratio, 

✓ or if this is not possible,through shortening of the cycle within the limits above, 

/so long as the loss of the carrier gas is still tolerable. 

Should there not be enough purge gas available, then heating by a few 
degrees makes it possible under the given conditions to get away with still less 
purge gas. Halving the ratio of 3 would require an increase by 3 degrees C 
(lower limit) of the mean temperature level during the unloading as compared 
with the or.-loading. Through this effective utilisation of the purge gas and the 
doing away with large energy requirements to preheat it, one is compensating 
for the fact that the adsorbent quantity required has to be relatively large in 
consideration of its low loading. On the other hand, there is an advantage due to 
• the large cross section of the adsorbent materiaWl" pressure drop of the gas is 
smaller and the energy required to overcome the pressure drop is smaller. The 
general temperature level of the onloading and off-loading can vary with the ambici 
temperauter lower or higher. By shortening or lengthening the cycle, one can 
adjust to the varying conditions v/ithout any substantial changes required in the 
ratio of purge gas to raw gas. In order to work with considerably smaller adsor¬ 
bent quantities, one can, in accordance with Ibis invention, operate at lower tem¬ 
perature levels than ambient temperature, especially if the raw gas has to be cool 
anyway reunions of further fractionating* 
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If the concentration of the component which is to be split off is high, one 
can buil<' the adsorber lowers into each other for the purposes of heat exchange. 
The adsorption heat then becomes an advantage in the off-loading process and 
desorption cooling becomes an advantage in the o.i-loading. 

The heat exchange between the two processes would also be possible throu d 
a heat sink arrangement to which the effluent raw gas would give off its heat. 

This heat would then be transferred to the purge gas upon cycling. The same 
-means could be utilized in a case where the purge gas to begin with is cooler than 
the raw gas. 

The heal of adsorption, which becomes available from the adsorption of 
larger vapor or gas masses, which gives a higher temper ,'urc to the adsorbent 
which is to be loaded, can, in accordance with this invention, be also utilized in 
that cycli .g occurs when a certain temperature has been reached at a certain 
point, for example, in the center of the adsorbent just being loaded. In tbis 
manner, the temperature increase of the adsorbent also remains available to 
assist the following partial off-loading. 

The temperature rise can be used in such manner that the adsorber will 
switch itself, through a suitable arrangement. This can, for example, be accom¬ 
plished through a contact thermometer which would be built into the adsorber and 
which through relays would close a circuit which would accomplish the svvilchox or. 
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The process can be explained further on an example: A r with 0. 03 per¬ 
cent CO i a. pressure of 1. 1 ala. and normal temperature is 1 e.n e passed throui.1. 

,/parallel arranged adsorber, which are filled with charcoal if a length of 1. 0 
meters and a velocity of 600 cubic meters per cubic meter, of adsorbent per 
hour. After ten minutes of on-loading time, the adsorber is being switched in knov 
manner and Allowing this the now loaded adsorber is being purged with C0 2 free 
nitrogen a. 1. IS a,a. a. the same temperature and a, a velocity o, 2d00 cbm per 
cbm adsorbent per hour. A, the same time, the second adsorber which had been 
partially unloaded, while the firs, adsorber was previously being loaded, is now 
being loaded. The purity effect after 400 hours of cycling, is 99. 5 percent 
corresponding to 0. 00016 percent of C0 2 in the effluent gas. 

The obtained advantages, as the example shows, lie in .he high pur Win* 
effectiveness of the adsorbent which, in the foregoing example, was loaded only 
up to 20 percent of Us equilibrium value, i. e. , with 0. 07 cubic meter CO z per 
gram of charcoal. This was accomplished by means of short cycling avoiding 
the adsorber becoming uneconomical!/ big in size. When the raw gas contains a 
higher concentration of adsorbate, there is a special advantage in the short cycle 
time because practically the entire heat of adsorption remains in the adsoiber a 
becomes available for the following desorption cycle. It is, therefore, possible 
remove impurities in vapor form Iron, gases also a. lower pressure which 
otherwise would have been done a. higher pressure (due to the relative lower 
vapor content) vd'hout imparin, the purifying notion and with tittle energy expen- 


diluro. 
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Patent Claims: (1) 


4 ( 2 ) 


(3) 

(4) 

(5) 

( 6 ) 

✓ 

(7) 


( 8 ) 


A. process to separate adsorbablo components from 
a gaseous mixture by means of periodically cyclublc, 
through adsorbate-free purge gas partially regenerated 
adsorbents, characterized in that the adsorbent is 
loaded .only to less than 50 percent of its equilibrium load 
and less than 90 percent of its breakthrough *oad value, 
in which one then switches to the second container, which 
has been partially regenerated in the meantime, while 
the first container is being partially unloaded with un- 
needed purge gas in the opposite direction, whereby the 
cycle time is between five and thirty minutes. 

A process in accordance with Claim 1 characterized in 
that the partial loading takes place at ambient tempera¬ 
ture as well as at the same temperature as the partial 
unloading and whereby a purge gas volume is passed 
through the adsorbent of three to four times the effective 
raw gas volume. 

A process in accordance with Claim 1 and 2 characterized 
in that one uses an adsorbent material of high selective 
capacity for the to be separated component. 

A process in accordance with Claims 1 through 3 charac¬ 
terized in that one uses adsorbent material with particle 
size between 1 and 2 jmn. 

A process in accordance with Claim 1 through 1 charac¬ 
terized in that one >ises an adsorbent material layer with 
a cross-section of from one-half to one qm per thousand 
cbm hourly flowing gas of at least a length of 1-1/2 meter 

A process in accordance with Claims 1 through 5 charac¬ 
terized in that, when one has the same standard volume 
of raw and purged gas, the raw gas pressure is l> .5 
to A times higher than the purge-, gas pressure. 

A process in accordance with Claims 1 through 6 charac¬ 
terized in that when there is a lesser ratio between raw 
gas and purge gas than 1: 3 to 4, one uses a temperature 
of three degress higher purge gas for each hal\ing of the 
ratio (lower limit). 

A process in accordance with Claims 1 through 7 charac¬ 
terized in that one c.ni lower the temperature level of tin 
adsorption and desorption in relation to the ambient 
temperature. 
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(9) A process in accordance with Claims 1 through 5 characterized 
in that, in accordance with known practice in the interest of heat 
exchange between loading and unloading, process (at higher con- 
• centration of Ihc separable components),one builds the adsorbed 
vessels into one another in the form of a heat exchanger to obtain 
thermic contact with Otich other. 

(IP) . a process in accordance with Claims 1 through 9 characterized 
in that one cycles the adsorbers automatically as soon as a cer¬ 
tain temperature has been reached in the adsorbent caused by 
the adsorbing of larger gas and vapor quantities. 


cfercnees: German Patent Ho. G23912 


German Patent Ho. /01073; 
Vapors," 19‘1'i, Pages 107, 


Bralzlcr; "Adsorption of Gases and 
108, and 121. 
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PATENT SPECIFICATION G7T,i.30 

Dote of Application and filing Complete Specification: Nov. 25, 1949. 

No. 30275/49. 

Application made In Germany on Nov. 25, 1948. 

Complete Specification Published: Aug. 13. 1952. 


Index at acceptance:—Class l(i), LI. 

COMPLETE SPECIFICATION 

Improvements in or Relating to the Purification of Gas Mixtures 


Ur, Gesellsciiaft fl’H Linde's Eismasch- 
inen A.(I., n corporation organized under the 
In "k of Germany, of lloliricgclskreuth, H. 
Munchen, Germany, do hereby declare the 
6 nature of this invention and in what manner 
the same is to be performed, to be particu¬ 
larly described and ascertained in and by 
the following statement: — 

This invention relntes to gas purification 
JO processes and is more particularly concerned 
with a process for the separatum of impuri¬ 
ties from gas mixtures by the removal 
thereof by an adsorbent. 

The removal of adsorbablc constituents 
16 I ron» gas mixtures by menus of adsorbers 
adapted to be periodically changed over and 
capauie ul icgcneiawoji by. means of washing 
gas free from adsorbate is at present prac¬ 
tised. The adsorbent is charged up to about 
30 5()%-75% of its maximum capacity, which is 
known as the equilibrium charge. The 
value actually reached, which is known as 
the break through charge, is attained when 
the concentration of the adsorhnble con- 
25 stituent in the end product suddenly com¬ 
mences to rise rapidly from a small constant 
or slightly varying value. 

Research is constantly being enrried out to 
find conditions under which the capacity of 
80 the adsorbent is increased. Vapours of the 
gas constituents, whose liquid phases also 
exist at loom temperature, such ns the 
vapours of water or organic solvents, are so 
readily adsorbed at room temperature by 
86 adsorption mediu such as gels, that break¬ 
through charges of between 65% and 80% of 
the equilibrium charge of 35% by weight, 
according to the length of the layers, that is, 
a total charge of about 20% by weight, are 
40 obtained in the neighbourhood of their dew 
point. Benzene is adsorbed under similar 
conditions and to n similar order of ningni- 
# tilde by activated chaicoal. Conditions are 
different when it is endeavoured to remove 
•46 low-boiling gases, for example the carbon 
dioxide of the atmospheric nir, by adsorp¬ 
tion furbelow their dew-point concentration. 
Owing to the partial pressure of the carbon 
dioxide in the air, that is, v.2 mm. Ilg., an 
[Price 2/8] 


equilibrium charge of only about 0.32 cc. of 30 
CO, per gramme of charcoal — 0.00% of 
the weight of charcoal, is obtained at normal 
temperature. If it is endeavoured to purify 
the air by adsorption through charcoal and 
to charge the charcoal in the usual way' to 55 
about one-half of this equilibrium value, 
satisfactory purification is nevertheless not. 
obtained. Experiments have shown that 
removal of the carbon dioxide from the gas 
sufficient to produce a purifying effect of 60 
about 99% is only achieved with a substan¬ 
tially lower charge, lying at about 0.07 ec. 
per gramme of adsorbent = 22% of the equi¬ 
librium choree. (When a lower purifying 
effect is required, higher charges can bc’per- 66 
milted.) llccau-c of the , there is no known 
method for the large scale removal of low- 
boiling gases from gas mixtures by the use 
of adsorbents, since intolerably high quanti¬ 
ties of adsorbent would have to be used. A 70 
substantial shortening of the adsorption/ 
desorption periods (to save adsoibent) meets 
with the difficulty that in the desorption the 
heating and re-cooling of the adsorbent to 
the adsorption tempernture. as hitherto 75 
adopted, cannot be carried out in n suffi¬ 
ciently short time, especially as it is the 
adsorbate, which lies on the adsorbent in low 
concentration, which is difficult to remove. 

However, it has been established that the 80 
regeneration can be carried out in a short 
time, even with small charges, if certain 
conditions are observed. Thus, it is possible 
to remove practically completely even the 
smallest quantiles of low-boiling gases, such 86 
us CO,, from gus mixtures such us nir. at 
normal pressure and normal temperature, 
with a constant high purifying effect of 99%. 
if the adsorbent is churged from a residual 
charge up to only about 20%-2.>% of its equi- 00 
librium charge with the gas to be separated, 
e.g. CO,, nnd if the amount of the added 
charge is removed at the same temperature 
with an excess of washing gas. 

Experiments have shown that 10 minutes Oft 
are sufficient to remove the amount of the 
added charge of carbon dioxide, without any 
increase in temperature, with a quantity of 
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washing gns equal to about 3-4 times the flows through the adsorbent in counter- 
effective volume of untreated pas. By current flow to the untreated in the 
" effective volume ” is meant the volume pnrtinl discharge. In this cr.se, the washing 
actually occupied by the gas. which varies gas is so well utilised that a volume of wn-li- 
5 substantially in inverse proportion to the iug gas equal to three to four tunes hi-; , 
pressure with the same weight of gas. The volume of uutreaten gas i> siiliicieui to •>!*- 
iV'idunl charge amounts, m.der these con- charge the adsorbate to such an extent that 
ditiotts, to about '• and tli. quantity added a purification of moie than i> 0 % is foutnm- 
in each case to about 11 ,, of the equilibrium ously ensured without the washing gas 
in value. I: will hereinaft.a la-called the addi- having to be heated above the temperature 75 
tiom.l charge. The same purifying effect can of the untreated-gas. The process can in 

be rontiiiimiisly maintained nnd similar con- principle be carried out with all t\pes of * 

ditioitu cm-* fi»r other having similar nd^orhent. However, it i» expedient to em- . 

properties. Tor high purification it is im- ploy adsorbents having |)!lnk*ulaiily 

15 portant that the additional charging should adsorption capacity, and preferably those 80 

not continue until the break-through of the which, owing to the selective adsorption of 
component to be separated, but should he the impurities to be separated, have a par- 
stopped, in the extreme, nt 90% of the break- ticularly high capacity therefor, whilst tlie 
through charge. A sufficient. layer of in- carrier gas is relatively less readily adsorbed, 
orj completely charged adsorbent is thus main- Similarly, it has been found that *he gi.un 05 
tained, which produces a high purification. size of the adsorbent material has u great 
According to the present invention there is influence in the sense that the efficiency of 
provided a process for tin- separation of ad- the purification increases w ith the fineness of 
sorl.alile constituents from gas mixtures by the grain structure. Theoretically, this is to 
oj me -ns of two ads.-ili- r- which are arranged be expected, but having regard to the danger 90 
to Ik: periodical!! - bulged over and partially of adsorbent with very small grains being 
regenerated liv >< • Inn.- ... free from ad- carried along and having regard to the pros- 
s. abate, whet*, m Hi. g.r i-. passed sure drop caused by the adsorbent, the grain 

I hr. nigh the first adsorber nut il the adsorbent size should not be excessively small but 
therein is charged to below 5 ( 1 % of its cqui- should be of the order of 1 to 2 mm. \\ ilhin 95 
30 librium charge and below 90% of its break- this range tolerable pressure drops are tn- 
tlirough charge, the gas mixture then being curred, especially if the cross-section of the 
passed through the second adsorber whilst layer of adsorbent amounts to between O.o 
tin' first adsorber is partially regenerated and l sq. in. per 1000 cubic metres of gas 
_ r with washing gas, the gas mixture being re- flowing per hour, the layer of adsorbent 100 
30 directed through said first adsorber when should, in view of the high purification de- 
Baifl second adsorber has been charged in a sired, be at least 15 metres long. I he upper, 
similar manner to said first adsorber. The limit depends upon the permissible pressure 
adsorption/desorption time is substantially drop and the amount of adsorbent, which is 
' .. between 5 and 30 minutes. \* npproxi- limited by reason of the simultaneous ml- 105 
™ mat.-ly atmospheric pressure, the adsorption/ sorption of the carrier gas. 

desorption time is in the ncighbourl sod of If the gas is under pressure, in which case 
the lower limit, whilst at increased pressure the effective volume of the compressed gas is 
it is in the neighbourhood of the upper limit, inversely proportional to the pressure, the 
,, since with increased pressure the capacity of volume ratio between the washing gas and HO 
the adsorbent also increases. Similarly, the untreated gas, when using equal volumes 
when high purification is desired, the udsorp- of gas at normal pressure, is maintained at 
tion/desorptioii time will be moved nearer to 3-4 to 1 if the pressure of the > -ltreated gas 
the lower limit These short adsorption/ is three to four times as high a. the washing 
de-orption times are employed in order to gas. Thus, for example, if the uom.al U5 
reduce the quantity of adsorbent to an eco- volumes, measured at 1 atmosphcie abso- 
nomically tolerable value. However, the lute pressure, of the untreated gas and the 
adsorption/desorption time cannot usually washing gas are equal and the washing gas „ 
be reduced below the low er limit stated, pressure is equal to 1.1 atmospheres absolute 
rr since part of the carrier gas for the impuri- pressure, an untreated gas pressure of 3.3 to 120 
ties, hicli is generally produced in the pure 4.4 atmospheres absolute pressure is sufti- 
stat . 1 or "orked up. is adsorbed nt the same cient to conform to the nbovc-stipulntod 
tune u. this part is displaced in the subse- ratio of 3-4/1. If the degree of purity i; not 
queut w ashing period by washing gas, ad- sufficient, an improvement can bo effected by 
mixed to this and is therefore lost If ad- increasing this ratio, or if this is not possible, 12S 
sorption- or desorption-time is too small, the by shortening the adsorption/desorption time 
iclwtive amount of such losses may be too within the above limits, provided that the 
great and may prevent an economic process, loss of carrier gas is still tolerable. 

The purifying effect is particularly high If the available quantity of washing gas w 
j 5 when the adsorbate-free pure washing gas not sufficient, heating by a few degrees will 180 
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suffice to achieve the desired result with 
smeller quantities of washing gas. An in- 
creese in the mean temperature level of the 
partial discharge by nt least 3* C. relatively 
g to the additional charging operation is suffi¬ 
cient to halve the ratio of the volume of wash¬ 
ing ga« to volume of untreated gas. The fact 
that ■ lie quantity of adsornent must still bs 
relatively large owing to its low charge is 
y) counter-balanced by this rational utilisation 
of the washing gns and by the fact that large 
quantities of energy are not employed for the 
pre-lieating thereof. On the other hand, 
there is the advantage that owing to the 
lf» larger cross-sections of the adsorbers em¬ 
ployed the pressure loss of the flowing gas is 
smsller and the energy consumed to over¬ 
come the resistance to flow is smaller. The 
general temperature level In the charging 
50 M|, d discharging can be higher or lower than 
(he ambient temperature. By shortening or 
lengthening the adsorption/desorption times 
it will be possible to adapt the operation to 
varied conditions without any substantial 
2fl alteration being necessary of the proportion 
of washing gas to the quantity of untreated 
gas. It is also possible, in order to be able 
to operate successfully with substantially 
smaller quantities of adsorbent, to work at a 
80 temperature level lower than the surround¬ 
ing atmosphere, espeVinlly if the untreated 
gas must in any case be cooled tor the pur¬ 
pose of further separation. 

If the concentration of the constituents to 
85 be separated is high, the two ndsorbers may 
be built one within the other in a manner 
known per $c in the same way as hent ex¬ 
changers in order to dissipate the adsorption 
heat. Tho adsorption heat then assists the 
40 discharging operation and the desorption cold 
assists the chargiug operation. 

A heat exchange can nlso be effected be¬ 
tween the two adsorbents by providing in a 
manner known per te accumulator masses to 
45 which the effluent treated gases yield their 
heRt. This heat is in turn transmitted to the 
washing gas after the change-over. The 
same means can be employed if the washing 
gas is colder at the beginning than the un- 
60 treated gas. 

The adsorption heat liberated in the ad¬ 
sorption of large quantities of vapour or gas, 
which impurts a higher temperature to the 
adsorbent being charged, may be utilised to 
63 effect the change over between the two ad- 
-orbers when'll predetermined temperature 
increase is reached nt a tempernture point, 
tor example in the centre of th&'Ausorbent 
being charged. In this way, the tempera- 
60 turd increase of the adsorbent is also main¬ 
tained hi us to assist in the subsequent par¬ 
tial discharge This can be effected, for 
example, by providing in the adsorbent a 
' contact thermometer of a known typo which 
W closes, in the manner of a relay, a circuit 


Containing the change-over arrangement. 

The process will be more fully explained 
with reference to an example : Air contain¬ 
ing 0.03% carbon dioxide is pa— • <i at 1.4 
atmosphere nbsolute pressure and at normal 
temperature through one of two parallel- 
connected adsorbers filled with n layer of 
activated charcoal of length 16 in., at an 
hourly rate of 000 cb.m, per cb.m, of ad¬ 
sorbent. After a charging period of 10 75 
minutes, the adsorbers are changed over in 
known manner, and the charged adsorber is 
washed, for ten minutes, with nitrogen free 
from carbon dioxide at 1.1.1 atmospheres 
nbsolute pressure, nt the same temperature 
and nt an hourly rntc of 2400 cb.m, per cb.m, 
of adsorbent, while the partially discharged 
second adsorber wbieb lias meanwhile been 
wnshed, is charged. The purifying effect 
. amounts after 100 hours alternate operation 
to 00.5%. corresponding to n.UHtl."i% of 
curbon dioxide in the end gns. 

The advantages of the process will be seen 
from the example. The adsorbent has n 
high purifying action, owing to the short ad- qq 
sorption/desorption period, without the ad¬ 
sorbers having to be of uncconomically large 
dimensions. When the untreated gas con¬ 
tains higher percentages of ndsorhable con¬ 
stituent, another advantage of the process is 55 
that, owing to the short adsorption desorp¬ 
tion time, practically the whole of the heat 
of the adsorption process remains in the ad¬ 
sorber and is consequently usefulh employed 
for the subsequent desorption. It is thus mo 
possible to carry out the removal of vaporous 
impurities from gases, which are usually 
prefcrabl’ “ffectcd nt fairly high pressures 
(owing to v..e lower relative vapour content), 
at lower pressures without any loss in the joa 
purification factor and with n smaller con¬ 
sumption of energy. 

In Specification No. 633,137 it is stated 
that it is known to effect the separation of 
carbon monoxide mid hydrogen, i.e. of gases no 
the adsorption constants of uhich in relation 
to the adsorption medium, in this ense active 
carbon, lie close together, by selective ad¬ 
sorption in streams of gaseous mixtures, by 
reversing in rapid succession, for example ||.s 
. every three or six minutes, the charging and 
discharging of each unit of a cyclically oper¬ 
ated ndsorption medium nnd by interrupting 
the adsorption long before reaching adsorp¬ 
tion equilibrium, whereupon the adsorption |jo 
medium, prior to. the next charging step, is 
caused to revert to the original condition of 
full ndsorptivity by desorption in the same 
range of temperuture (short phase process). 

Specification No. 633,137 is concerned with j.jj 
nu improvement in this known process b\ 
prolonging the duration of the individual de¬ 
sorption steps in rotation to the duration of 
the adsorption steps. 

Having now particularly described and jjq 
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ascertained the nature of our said invention 
ami in what manner the same is to be per- 
formeil, we declare that what we claim i< : — 

) l'r>ie«ii« for the separation of adsorb- 
2 able ctinslituents from gas mixtures by 
means of two adsorbers which are arranged 
to he periodically changed - oixr and partially 
regenerated by washing ga* free from ad¬ 
sorbate, wherein the gas mixture is passed 
j0 through the first adsorber until the adsorbent 
therein is charged to below 50% of its equi¬ 
librium charge and bc-low 00% of its break¬ 
through charge, the gas mixture then being 
passed through the second absorber whilst 
the first adsorber is partinlly regenerated 
with washing gas, the gas mixture being re¬ 
directed through s- d first adsorber when 
said second adsorber has been charged in a 
similar manner to said first adsorber, the 
20 adsorption/desorption time being substan¬ 
tially between 5 and .'!<• minutes. 

2. l’roccss as claimed in claim 1, wherein 
the partial charging find regenerating is 
earn d out at the temperature of the sur- 
2r, rounding atmosphere and a volume of wnsh- 
ing gas equal to 3 to I times the effective 
volume (as herein defined) of untreated gas 
is passed through the adsorbent. 

3 Process for the separation of ndsorbable 
.(0 constituents as claimed in claims 1 or 2, 
wherein the washing gns Hows in the opposite 
direction to that of the treated gas. 

4. Process as claimed in any of the pre¬ 
ceding claims, wherein adsorbents with a 

35 hi 8 h selective capacity for the constituent to 
be separated arc employed. 

5. Process ns claimed in any of the pre¬ 
ceding claims, wherein the grain size of the 
adsorbents employed is between 1 and 2 mm. 

40 0. Process as claimed ill any of claims 1 to 

5, wherein the cross-sections of the ad¬ 
sorbent layers employed ore from 0.5 to 1 
square metre per 1,000 cubic metres of gas 
flowing through per hour, the length of the 
45 layers being at least 1.5 m. 

7. Process as claimed in any of claims 1 


to t>, wherein with the same volume of un¬ 
treated gas and washing gas at normal pres¬ 
sure the pressure o( the untreated gns is 
made three to four times higher than the 5Q 
pressure of tin- washing gas. 

8. Process as claimed in claim 1, wherein 
when the volume of washing gas is less thnn 
three to four times the effective volume (as 
herein defined) of unlrentod gas. a higher 55 
temperature of at least 3" C. is employed 

for the washing ^jas for each halving of thu 
ratio of the volume of washing gas/volume 
of uutreated gas 

9. Process as claimed in any of claims 1 to gg 
8. wherein to facilitate a heat exchange be¬ 
tween the charging and discharging adsorb¬ 
ents (at higher concentrations of the con¬ 
stituents to be separated) the two adsorbers 
are built one within I lie other in a manner 55 
known per »e in the same way ns heat ex¬ 
changers and arc thus brought into thermal 
contact with one another. 

10. Process as claimed, in claim 1, wherein 
the temperature of adsorption and desorption r-Q 
is lowered with respect to the surrounding 
utmosphere. 

11. Process as claimed iu any of claims 1 
to 10, wherein the ndsorbers are automatic¬ 
ally changed over as soon as a predetermined 75 
temperature increase, due to the quantities 

of gns and vapour adsorbed, is reached at a 
measuring point in tin- adsorber being 
charged. 

12. Process for the separation of adsorb- go 
nble constituents from gas inixtuies substan¬ 
tially as described hereinbefore. ' 

Dated this 25th day of November, 1949. 

HASELT1NE. LAKE & CO.. 

28, Southampton Buildings, London, 
England, 
and 

19-25 West 44th Street, New York, • 
U.8.A. 

> Agents for the Applicants. 
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Dig „reversib!e ;i Aclsorpiion cIg zur Vcrreinigung 

und Zeriogung von Gasgomischen y 

Von Ur.-lng. HCIXKICII KA1ILC. G csellschctt ter Linde's Eismasdiincn AG , Hdllrlcgchkreulh 


An Hond von Diogrammen und scHemoliichcn Ausfuhrungsbcispielen werden C-rundlagcn sowie 
opporolive und verfclirenjmoBige Vorausselzungcn fiir eine enneihernd revei sible Gasrcinigung und 
Trennung durch Adsorption zweeks extremer Rcinlgung des bchanaelten Gases crloutert. Die Voraus- 
setzungen ilnd: Kombinatlon von Adsorbern mil Warmeaustauschern an beiden Enden des Adsor¬ 
bers, Be- und Entladungsbegrenzung des Adsorbers sowie Gcgcnstromentlodung mit adsorbolfrcien 

Spulgasen. 


Slreng reversible Prozosse sind in dor Technik svedcr 
bekannl, nodi crsdicincn sic rcalisierbar. Es gibl ober 
einige Verfahron, insbesondcre in der Gaszerlcgungstech- 
nik bei tiefen Temperaliircn. die sich oincr ..reversiblen" 
Arbeitsweise nahern. Dabci sci als ..revcrsibel" eine 
Arbeitsweise bezeidinct, die einen lechnisdi derzeit 
moglidicn maximalen Wirkungsgrad besilzt Oder sich ihm 
nahert. (Dicscr ist scincrseits wiederum ein Teil drssen. 
was bei (heoretisch reversiblen Arboitsvorgangen crreicht 
werden konnte) Der Vorgang der ErwSrmung und Wie- 
derabkiihlung cines Gases kann als nahezu ..revcrsibel” 
bczeichnet werden. wenn er mil Hilfc eines Gegenstrom- 
warmcaustausdicrs mil moglichst geringer Tempcratur- 
difforenz durchgcliihrt wird. 

Auch fiir den Sloffaustausch sind derarlige Arbeits- 
weisen bekannt geworden. Z. B. stelll die Rektihkalion 
eine dor Reversibililut sidi nahernde Arbeitsweise bei 
der Slofftrcnnung dar. In diescr Hir.sidi'. benerkenswert 
sind audi Verfahren, bei denen die Ldsunnswcirnic des 
Waschvorganges fur die Zwecke der mil WOmaaufnahf.ie 
einhergehenden Entnasung des beladencn Waschmittels 
bei geringer mittlercr Temperaturdifierenz zwisdicn bei¬ 
den Vorgangen nulzbar verwer.del wird. Oft werden da- 
bei erhcbliche Tompcraturbereiche durchlaufon, z. B. venn 
die Losiingsvorgange bei tiefom Temperaturr.iveau vor 
sich gehen. Die beiden Vorgange des Enerqie- und Stoff- 
austausdies gehen hierbei parallel. 

Encrgic- und Stoffauslausch in Regcneratoren 

Encrgic- und StoFIaustausdi kann auch in Regencra- 
loren bei richtigcr Bcmessung dersclben und der Um- 
tchaitzeilcn sclbst iiber grnfle Tempcralurdiffcrenzen hin- 
weg weiigehend reversibel durchgefuhrt werden, beson- 
ders wenn die auzutaiischenden Stoflmengen in mSBigcr 
Konzcnlralion vorliegen. 

Es sei das Bcisplel des K&lteaustauschos 
mil glcich7eiligctn Stoffauslausch zwisdicn Rohgas und 
Spiilgas in Kaltcrt-generaloren erwahnt. 

Bild 1 zeigt cine ublidie Rcgcncratorcnanordrr.mg In 
einem Zcricgungsapparat mil zwei glelchen, periodisch 
und rcgeinialiig iimgcschalteten, mil Spcidiermasse ge- 
fulllcn Rcgcnoratorenastcn nebsl den ziigehdrigen Sdialt- 
orgnnen, deren Wirkungsweise sdiomalisch dargcstcllt 
Ist. Der Bctriebszustand vor Umsdialtung ist durch aus- 
gczogcnc Pfcilc, dor Bctrif hszustand nach der Umsdial- 
lung dnrdi geslrichclle Pfcilc angc-dcutel. Der am oberen 
und untr-ren, schcmatisdi dargcstelllen Umsdnltnrgan 
cingczcidinrlc Diagonalbalkcn vcrblndcl nach Jeder Dre- 
hung um 90’ die Einlrit.s- bzw Auslrillslcitungcn lur 
zu- und abslromendcs Cas, jeweils mil dern arderen 
Ast der Einriditung. Das Rohgas mil den kondcnslcr- 
baren Vcrunreinigungcn Iri'l bei der dargcstelllen Sdial- 
tung durch den linken Regenerator mil rtwa 25 *C cin, 
glbt seine kondensierbaren Anteilc durdi Kondcnsntion 
an die in der P»rinr|r vnrher '.ellgehlasepe Speichrmiasse 
ab und tritt als gereinigtrs Gas mil liefer Teinperatur 
I*, n. —I50“C) iiber die ulicrc Umsciialtvorrichtung aus. 


urn zum Zcricgungsapparat gefuhrt zu werden. Glcich- 
zeitig stronit rcincs Spulgas, z. B. ein Zorlcgungsprodukt 
durch die obere Umsdialtung in den redden Spcichcr mit 
—155* ein und bei der unlnren Umsdialtung. beladcn 
mil den Verunreinigungen. die es durdi Verdunsten auf- 
genommen hat, mit etwa 20* aus. 


gereinigte s Gas 



Bild t. Sdicmatlsche Darsleltung des Regcncratorbetriebes 

-► Betnebszustand vor Untschallcn,-- Bctnebszusisnd 

nach Umschalten 

Der Tcmperaturverlauf fiir ein Gastcilchen langs der 
Speichcrmasse im Regenerator, wie er sich iin Boharrungs- 
zustand am Endo der Roiigasperiodc bzw. am Ende der 
Spiilgasperiode also kurz vor der Umsdialtung einstellt. 
ist durch das Diagramm. Bild 2, im Prinzip dargestellt. 
Das kurz vor der Umsdialtung auf die Sdiidit gelangende 
Gas undert, wie ersichtlich, auf der Anfangssdiicht der 
Spcidiermasse seine Temperatur zunachst nur wenig, da 
sich diese Schicht wiihrend der vorhergehenden Stromung 
des mit konstantcr Temperatur cintrctcndon Gases bc- 
reits an dcssen Temperatur angcgliihcn hat. Erst im wei- 
teren Verlauf der Sdiicht fall! die Temperatur des Roh- 
gases ab, bzw sleigt die des SpUlgoscs an. Zu alien an- 
deren Zeitpunkten, die zwisdicn zwcl Umsdialtiingcn 
liegcn, vcrlaufcn die Temporalurlinlen der strumenden 
Case zwisdicn dcr dick geslridicllen und dor ansgezogc- 
nen Kiirvc, wobci jcweilsscnkrcdituntcrcirianderlicgcnde 
Punkte auf digsen beiden Kurvcn die beiden Temperatur- 
extreme in jedem Qucrschnitt der Speicheimasse dar- 
stcllcn. Die Temperatur der Spcidiermasse selbst bewent 
sich ehonfalls zwisdicn jenen zwei Kurvcn. llir Teinpe- 
raturmittcl ist Im Behairungszustand konstant und ent- 
spricht etwa der stridipunkticitcn Kurvc. Eines der Kcnn- 
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irilhcn des Roneneratorbcttiebos isl dieses konstanlc 
TcmpcraturgcK.c- m .W Fp.nl,ermusso. d.,s von Art u,.cl 
Mcnyr dr. Miss- sown: Ten,peiaturzi.stand und Z»sam- 
mcnsctzung des Roligases und drs Spulguses abliangig isl. 


Fohgas 


t'<Vy.vv)<>'.x^xx;xII J 


SpLlgcs 


Vcrfah.cn, wclilic cine intcrcssantn Parallclc zu dnn 
voibeidiricbcnen \ cttol.icii hil.len. wien ds>nrlimji:n- 
Vrrlthrrn Uzcclincl. tine Kor.ihinution ist 
Dili! 3 ilditjestcll'. 1 )- 

gsreinigtes 60s 



tr»lor 


■ End* der Rohgaspenode 
_ End # der Sputgaspencde 

firm 

Bild 2. Dc. Temperaluiverlaut im Rc 

Enthalt das Rohgas kondensierbare Bestandleile. so 
wird zu cinem bestimmten Zeitpunkt. dor vom jeweils 
herrschcnden Bctriebszustand abhangig isl. und in einem 
bestimmten Be.eich det Spcichc.masse Kondcnsat aus dem 
Rohgas eincs-its abgcsdiiedcn und in das Spulgas an- 
dererseits in cir.er im voraus zu berechnenden Mcng 
verdunstet; denn jedor Temperatur ist ein bcstimmtcr 
Saltigungsd.uck des kondendarten Anteils zugcordnet. 

In bestimmten Temperatu.ddferentialen im Satugu g 
gebiet wild stets ein bestimmter Betrag an Kondcnsat 
in dem „wa.m zu blasenden" Regenerator ahgesdneden. 
bzw in dem anderen ..Walt zu blasenden" Regenerator 
verdunstet. Gleichzeitig wird eine.seits ein beslimmtc 
Betrag an Kondensalionswarmo frei bzw. andcrerse 
gebunden. Diese positive b-.w. negative WSrmctonung 
Oberlagert sict. dem no.male.i Energieaust-usch zw.sdien 
dem latenten Warmeinhalt des Spulgasstromes einerscits 
und des Rohgasstromcs andcrcrseits uber die Speidier- 
masse als Zwischcnt.ager, die sowohl die positive 
auch die negative Wa.metonung zunadist spe,chert. urn 
sie nad. der Umschallung an die ande.e Gasar abzu- 
qeben. Det Vo.teil d.ese. Art des F.nergie- und Stoffaus- 
tausd.es gegenube. den ublid.cn Rcinigungs- und Zerle- 
gungsverfah.cn. bei denen die Kondcnsation aus einem 
met.rkomponcn.igcn Casgcm.sd. oft in einem t.eferen 
Tempcralurniveau vorgenommen we.den muB die 
Verdampfung. bcstcht darin. daB eine Verdunstung dcr 
Kondensate im Strom des Spulguses und dcr Zerlcgungs- 
produkte in annahernd dem gleichen odcr einem nod. 
tieferen Tempcraturnivcau eintritt als die Kondensatio . 
wodurdi cine angenuhert reversible Arbe.lswcise erreidrt 
wird. 

Die bei dcr Kondcnsation frei werdende Warme wird 
von den Speidiermasson zwar in. wescnllid.cn aufgenom- 
men. Restc gehen jedodi mil dem Rohg.isstro.n in Zonen 
tiefercr Tcmpcralur. Audi die bei der Verdunstung Ire 
werdende K.iltc wird teilwcise in Zonen hoherer Tempo 
ratur getragen und tragi zur VorgioBcrumi 11 er im In- 
' teresse des guten Wdrmeaustausd.cs mogluhst klcin zu 
haltendcn Tenipcraturdilferenzen an den Warmeaustau- 
sdicr-Endcn in uncrwunsditer Wcise be., vur a lem wenn 
crheblidicre Mengen von Kondcnsat . gesdueden und 
wieder verdunstet werden. 

Energic- und Stoffoustousch in mit Rcgencrotorcn 
kombinierlcn Adsorbern 

Dem vorbesi hricbencn Verfahrcn der Casbehandlung 
in Regene,atoren so, e.n sold,, s in Adsoibern 
gcslcllt. wobci die Adsorber in bestunniter We,sc mil 
Regenerator™ kombinicrl und betrieben we.den Diesc 

-TVfltn 



Bild 3. Sdicmatische Datsiellung dos mil Regeneratoren 
arbeitenden Sorbogcn I-Verfahrens 

Sorbogcn I - Verfaliren 

In der kombinierlcn zweiastigen Einrichtung, die mit 
Rohgas bzw. Spulgas von eiwa giddier Temperatur bc- 
schickt wird, und die sich fur jeden Ast aus einem Kalt- 
speidler, dem Adsorber und dem Warmspeidier zusam- 
n.ensetzt. stellt sich ohne auBeres Zutun. lediglidi unter 
dem EinfluB der positive!. Waimetonung des Adsorptions- 
vorganges und der negativen Warmetonung des Desorp- 
tionsvorganges, das Teinperaturgefalle im Adsorber dor- 
art ein, daB die Temperatur von der Eintrittsstelle des 
Roligases zum Reingasaustritt ansteigt. Es ergibt sid. hicr- 
bei ganz von sclbst. daB der Speidier auf dcr Rohgasseite 
die Funklion cines Kaltspcicbers, der Speicher aul der 
Rcingasseite die Funklion eines Warmspeidiers uber- 
nimmt. 

An den ireicn Enden der Speirlier herrsdien nad. 
Bild 4 je nad. dem jeweiligen Bctriebszustand der Ein- 
richlung von dcr Umgebungstcmpcratur nur wenig ver- 
sdiiedenc. in geringen Gtcnzen schwankende Temperatu- 
ren. Die Temperatur eines mit Umqcbungstempciatur in 
den Kaltspeidier c'tnstromcnden Rohgasteilchens sinkt 
also zunachst im Kaltspeidier. steigt im Adsorbens w,c- 
der bis auf uber Umgcbungstemperatui an, um langs der 
Sdiidit dcs Warmspeidiers wieder auf ctwa Umgebungs- 
temperatur abzusinken. 

In Bild 4 ist der Tcinperalurverlauf dcr Gaso in den 
beiden Asten jeweils kurz vor der Umschaltung darge- 
stcllt. Im Intercsse dcr vercinladiten Darstellung wutcle 
hicr und in Bild 8 das Stuck dcs konslanten Tcmporatur- 
vcrlaufes tortgclasscn (vgl. Bilil 2). 
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Bild 4. Temperatur velour im KalKpeidicr. Adsorber und 
WurmuHMiluT belli Sorbogcn 1-Vcrlulircn 
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r.Uf.ht-ii Willi d.il.ii d.til d« i I<'Mi(H l.i:iiii|i. (lu ii| 

sow*.«hl mi Ail>uiln iis uK 111 li.-n SpcKiiorn «iufr«*ctil 
erliulten blnht. Du** ^pul<t»tslftlf !i<*ii, vvcMu'* den jcwcils 
belidciivn Adsorber natli ill r Unuth.tlli'iig cutladt, tin- 

*yiilc(|t. Wit 1 tfMClinii.il. I.KlliH'kl i>|t Utr fi<is IvMiitj.ts. «|,| «•> 

cntgcgcny«*s«*tzt zu tlu'viu stromt, zunuclist einem Tcin- 
perdluruiisiicg tibor dem Wuriiispcitlicr. ansthliclicnd 
einem Tciitpcraturubf all n'tiuiuj der AdsorfK iusdiirht, um 
a n sell I ic bond uber dem kaltspctthcr am andcrcn Elide 
des Adsorbcns wieder auf Umgebungsiempcrufur unge- 
wdrmt zu worden. 

Die bet der Bindung adsorbierburcr oestundteile am 
Adsorbcns freiwcrdendc Adsorptionswarme wird nut deni 
gereinigten Gas cine bcslimmte Strecke in dor Riditung 
der Strumung des Rohyascs fortyetrayon. Ein Ted der 
Warme verblcibt aut dom Adsorbcns siibst, da ducli die¬ 
ses ein gewisses Wdrittcspcichcrvenndgcn besitzt; dor 
restlidic Toil wird von dor Spcidicrinasse aufgenonimen. 

Unigckehrt werden bci der Entladung des Adsoibcns 
entsprethende Ktiltcbetraye frei bzw. Waimebetr<ige yo- 
bunden. die leils aus dor Adsorbensinasse sclbst, toils aus 
dem Gas entnoninion werden. Du bci kanti dio Teniperatur 
wesentlich unter Umgebungstemperatur sinken. Die bei 
der Entladung erzeugte Kaite verblcibt mdit allein aul 
dem Adsorbens, sondern v/ird duich das Spulgas zum Toil 
auf den Kallspeidier ubertragen, in dem das mit Desorbat 
beladene Spulgas wiedcr aut etwa Umgebungstemperatur 
angewarint wird. 

Je groBer die adsorbierten Betrugc sind, um so groBer 
ist nicht nur die Warmoentwicklung bei der Adsorption, 
sondern ducti die Kdlteerzeugung bci der Desorption. 
Die Speichermassen an den Enden der Adsorptionsschitht 
sorgen dafur, daB die Wurmetonung des Adsorptions- 
vorganges, die sonst z. B. durch Kiihlwusser abgefiihrt 
und vernichtet werden muBte, nunmehr nutzbringend fur 
den gegenlaufigen Desorptionsvorgang, der bisher durch 
Heizung unterstutzt wurde, zur Verfugmuj steht. 

Ersetzt inan die Spejcher an den Adsorbens-Enden 
durch Rohren-Warnieaustduscher. so wird die glcidie 
Wirkung crreidit. Die Umsdialtorgdne liegen in diesem 
Fall zwischen den kontinuierlich betriebenen Austau- 
schern und den Adsorbern. Bild 5. 

Die bereits fruher voryesdilagcne Anordnung des Ad¬ 
sorbcns in den Rohrcn des Waimcaustauschcrs und die 
Durchtuhrung von Adsorption und Desorption in diesen 
diirfte die Wirksamkeit der obigen Anordnungen nidit 
ganz erreichen. 

gereinigtes Gas 


D.»ii d.o.tiT V nryung dor li- l.idwmj noil I ill,.dung d> » 
Ad>oi!•«•»»> uiitli lK-zu«tiiih d*’S Spuiyustetbi.iiii h* angen.i- 
liort r» vorsilH-1 vor suti ychi und «|loittiz« it i«j lu»lie R.*n»i- 
gungv tickle or/iolt *c»deu, knrn U«»r b /i.» i Arbtiis- 
pruizipicti l>«*i tii * t boUiduinj .». w. Lmldtiuiiij des AcUor- 
bens orrcidu wvrdcu. Sic wicii lucr ab tltc Pnnzipicn 
dor Teilbcldduny und T. deidkij^ny U.z* 

Dali iiu euistiomenden Kobgas das Adsorbcns until 
bis zur SatHguiiy soudcin nur bis zum s<»qi ii.midcu 
Durchbr utlis wort (d. h.dcm Ccludunyswert dos Adsorbt-us. 
bei dem die zu entleriieode hompotienle des stiouiendcn 
Gases ini auslrotcndcn yeroiniyten Gas trsilicmt) bcladen 
wird, ist bore its seit langem aligometn bekunnt. Will man 
jedoth hohe Kcinheitswcrte erreitlien. so ist die Bold- 
dung des Adsorbcns bis in die Nuhc des Durthbruchs- 
wertes noch zu hoch. 

Nach dem r.euen Pnnzip der Teilbeladung wird das 
Adsorbcns nur bis zu einom Bruchteil des Durthbruths- 
wertes bcladon und die Beladung dann abgohiocticn. 
Auf dicse Wcise bleibt einc rclativ groiie Adsorbcns- 
schicht vollig unbcl.idcn, was hingenoimnen werden 
kann, da die Eigenart des gcschildertcn Verfahrcns und 
der Anordnung cine haufigere Umschaltung goslittet. 

Durch Anwendung dieses Pi inzips wurden in emer 
technischen Anlage, wic spdter beschrieben. erstaunbeh 
hohe Reinigungseiiekte bci Lufl auch von vcrhaitnis- 
maBig schlecht adsorbierbaren Verunreinigungen wie 
CO s bei einer Tempcratur erreitht. die man bisher als 
ungeeignet fur diesen Zwetk angesehen hat. zumnl, 
wenn gleidizeitig von ciner Erhitzung des Spulgases 
vollig dbgesehcn wird und das noch zu beschieibende 
Arbeitsprmzip der Teilentladung angcwendi t werdtn 
soil. Voraussetzung fur den hoihslen Reinigunyscttekt ist 
selbstverstandlich. daB das Spulgas von den zu entler* 
nenden Bestandteilen vollig Irei ist und slots in deisel- 
ben, zur Rohgasstromung entgrgengcsetzten Riditung 
uber das Adsorbens stromt. Das Pnnzip der Teiientla- 
gnindet sidi auf die Ubcrlogung, daB e»no \ ullsian- 
dige Entladung des Adsorbcns cinen zu hohen Spuleas- 
aufwand erfordert. um es fur die nachfolgencle Period* 
der Beladung inoglichst aufnahmehegierig zu inath»*n. 

Die beiden Arbeitsprinzipien scien durch F>ild b er- 
lautert, das sich auf Mossungen grundet, die vor eimger 
Zeit im Laboratoiium der Gesellsdiaft fur Linde s E.s- 
masdnnen ausgefuhrt warden, und uber die spater he- 
richtet werden soil. Dabei wurde gtlunden. daft mar die 
bei Umgebungstemperatur (etwa 20°) uber eme 1.5 ni 
lange Sdiidit finer sog. Carbotoxkohlc von I bis 2 mm 
Kornung gcfuhrtc Luft von ihrcn Y'erunreinigunyen u. a. 
auch von der schwer adsorbierburen Kohlensiure mil 



Bild 5 (links). Schema! isctie 
Darstellunj des mit Ruhren- 
warmeaustauschern arberen- 
den Sorbogen I-Veifahrcns 


einem Reinigungseffekt von erheblich uber ent- 

fernen konntc, wenn man, ausgehend von einer CO.- 
Restbeladung von etwa 8**'a dos Sattigungswertos, die 
Kohle bis zu einem Wert von etwa 25* • des Sattiijungs* 
wertes belud und dann anschlieBend bei etwa gloidn*r 
Tempcratur mit etwa der dreilachen Nlcnge Spulgas im 
Gegenstrom bis auf den Rcstwert von etwa 8* o wieder 
teilentlud. 

In Bild 6 ist aul der Abszisse die Schichtlango in Bruch- 
teilcn der Gesumtschichtlange. auf der Ordinate die rela¬ 
tive ..Bcladungshohe" im vcrtikalen Quersoinitt dci 
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Bild ii. D.e BcUdunnshohc in Abhjngigkoit son der Sducht- 
Ungo bci Teilbeladung dc* Adsorbcns 
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v,,', : ,111 (.l-i- \c! »il*i ns til in n ml m d ichM ill l-niili'i'i* 
l ", dec iimmiii • i. is. Uni .mi I I.i<liimi .liilm tr n!>"i. 
tMc In 'li n S-lonv m- n Imi' ii s'i'il die Hi l.itlur.ij'li!Miti , ii. 

U. UIll' ill.' s "I / ...i.HTI • II. I'-ttll.ltll «'I"* 

si1iIm-B. ii Hi.- 1 1 ■ ir." I i'...l In .in i /l i 1 " - Zone Her d.iii-in- 

dill . .. bill-, ii. .itl.uir.ng '< :! i!»»|*i*v'l ».!ir.il‘-ijl Hu* 

mliIt* front die Zone it'*i Zul.ul ■ ‘*»«I i*'i Auq» ul'lns m r 
I'liist .i.iltnni! tin! < .. .i. i.slii.im-iiil.icliing. Zwis.ltn dnsor 
redden S-ijrini i' E 1. l-is-i'm! unit H.-ir. Sil.iiUli.-n<l.> 
i. 1t ,...i,..t ,,i. ... 7,,n.. 1 Ii. r di./se i nil .liiniiilu- Mes- 

sunyen mill in ruii-i ipalcren Arln-il bcriditel uorden. 

Dadurth. dad im Cegrnslrom ram Ri'hgas uber das zu 
entladrnde Adsorbens stromendes Spulqus ziun Sililussc 
die standsg im Sattigungszustand bi-l.ndlidic Adsorbens. 
sdiiibt licsp.iit. kann sidi d.is Spulgas bis zum Siblnfl 
drr Spnlg.isnorii.d-? mil omem M.ixinimn an c’.esor- 
biertvn Bostonut.-i’eil aufladi-n. Dio Spiilung wird b.-cn- 
d.’l. venn die Anl!«idnnij des Spi.lgases wosentlich ab- 
sinkt. Man kami hei isolliermcr Teiiboladung nnd Ent- 
I.idling bei gleidi'-m Gcsanitdruck mil clv.*a dein drei- 
.I.iclim Spiilijas* nl-Jim-n reclinen. venn man qloUhzeiliq 
budislen Reiniguiigseffekt vetlanqt. Mil zwcilacher SpuI- 
gasmengi- sinkl dor Riinigunnseffokt otwas all. Bei je 
5 *c holierer Spulcjaslempeiatnr emiedrigt sidi das Ver- 
haltnis des Spulgas. zum Rohcjasvolumrn jewoils auf die 
Halfte. so daii man bei einer um 10’ hoheren Temperalur 
bereits weuiger Spulgas als Rohgas bonotigl )■ 

Es isl Sachc der Planung. die Forderung, das vnrhan- 
dene Spulgas gul auszunutzen. mit dor Forderung nach 
gulem Wotmeae-d v seb in Einklang zu bringen Es ist 
jederzeit moglirli, die anneqebonen Rictiiverle um Bruch- 
leiie zu uborschrciien. so daB b*-iden Forderungen, die 
sidi nicht vidersprechen. Icirtit gerocht zu werrien ist. 

Der Umstar.d, daB man bei isolhcrmer Entladung ein 
Mehrfadies des Kohgasvolumens an Spulgas benoligt, 
zeigl, daB man Irotz dieser sparsamen Arbcitswcisc doth 
mil Conor gewisson Hvslerese n-ihnen muB. Abgeschcn 
rl.ivon, daB man vo'.liqe Gleidiqewichtsoir.stollung zv.i- 
siiien adsoi bier ter Phase nnd Gasnhase nient erwarten 
kann. hiingi der Mehrveibrauch an Spulgas mit der Tom- 
peralurscnknng zusammen, die sirb hei der Enlladung 
des Adsoibens in der zulctzt gespullen nodi verhallnis- 
mdBig hoih belacienen Arisorbonssiiiicht einsteilt Im 
LabormaBstflb, d. b. bei gtofier Obern<ielio im Vcrlialtnis 
zur Masse und guler Wanneab- bzw. Zustrahlung ist die- 
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i- ser Ell. kl kauri nn tU-.h. In-i i-in.-r terhn-sdu « Anlage 
i. I.omito rr |«tIo« !i ilfiiruh ln*oli.uliUt 

a, «||>«| dir Spelillei ilia- -i n an .leu I mien del V.i.mbeus- 

s.l„.l,I I.. s,.l. dieser U!:eU nubl ungun- 

v slig.-i ausiviikl. Als Enhie der Anv nilmig des T.ilenl- 
ladam'v iM-.Z'ps la! I df- mi Adsnrln ns nodi vorliandone 
■r Kestbel'id.ing longs der Kestlielailniig-tinnl die Adsorp- 
-r lioiisw.ume Mali,end der lieladung n.iht aul t-.nem 
le lauinlirh engon llereuli, sondein aul t-ine gioDere Strcike 
s- veitcilt lrci werden. wodurtli der berms oben erwaluile 
n. Temper,'ituransticg gegen das Adsoriions-Encle Inn und 

cin besserer tlieinusilier Wirkungsyrad erzielt v 'd. In 
211 einem vullig cnlladencn \dsnrbcns vurden dagegca aul 
sc kleirem Raum grofie Warm -mengen frei werden, was 
IS " vom Slandpunkt des revirsiblen Arbeitcns gesehen be- 
" n sonders dann ungunslig ist. wenn v.ie bei demSorbogen II- 
,r ‘ Verlahren. Bild 7‘I. ails besonderen Gtiindcn der Tem- 
n ’ peraturgradienl Icings der Adsorbenssih.tiil durch Heiz- 
l> ’ bzw KiilileiiiriibUmgen zwisilten Austaesdiern und Ad- 
’*• sorbern vergroBert wir.l, um etwa fluchtigorc Verunrei- 
- 1 ' nigungen bzw. Gasbeslandteile zu binden und evtl. an- 
!.'? zureidn-rn. 
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Sorhogcn II - Vcrfolircn 

Ilicrhei werden cine Kuhleinriditung am Rohgascin- 
triltsende, z. B zwischen Kaltspeidier und Adsorbens, 
bzw. eino Hoizcinrichtiinq am Reingasaustrittsende, z. B. 
zwisdien Warmspeidier und Adsorbens. angeordnet. 
Diese Einrichtungen crlaubc-n, Heizung und Kuhlung in 
beiden Aston glcidizeilig und standig zu betreiben. Da- 
durdi wird Zcit gewonnen lur das Vorku'nlcn bzw. Vor- 
erhitzen dor Speidicimassen, die das Roligas vorkiihlen 
bzw. das Spiilgas vorerhitzen sollen. Die geqenseitige 
Becindussung von Heir- und Kuhleinriditung wird dutch 
die regcImaBige Umschaltting und die standige Aulrecht- 
crhallung nines Tcmperatiirgefalles langs der Adsorbcns- 
schicht verbinderl. Je naeh dem Stromungszustand in der 
gcradc herrsrhenden Schaltperiode kiihlt die Kuhlcin- 
richtung entweder das Rohgas vor seinem Eintritt in das 
Adsorbens odor nach Umsihaltunq das austrelcndc be- 
ladene Spulgas vor dessen Eintritt in den Kaltspeidier, 
der nun nach voriibergehenilcr Teilcnwarmung durch 
Rohgas winder Icilwci'.c kaltqeblascn wird, Bild 7. Die 
Hcizomrichtung erliilzt in einer Periode das uber dem 
Warmspeidier vorgewarmte Spiilgas, bevor es aul das 
Adsorbens trilfl. In der daranf (otgenden Periode erhitzt 
sie das gereinigtc Gas, bevor cs auf den anschlieBcnden, 
vorher teilgekuhlten Warmspeidier Irldt. Der Warm- 
speidier kann daher nach der Uinschaltung zustromendes 
Spulgas wirksam vorwarincn. Selbstvcrstandlidi liegen 
auch hei dieser Anordnung Adsorbens und Speidiermas- 
sen im dauernd aulrechl erlialtenen Tcmperalurgelalle, 
wobei das treie Endc der Spcidier sich slots annahernd 
auf Umgcbungstcmperatur befindet, Bild 8. Auch hier ist 
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f . ^‘'derum die Amierung dnr Tiinpt’ratur eui'js durdi die 
v-in: itllluiig e-jell Kii|*q.i*> li/w. Spuiif isieditivMS 

kuiz vor der Unistli.titling sdirin-ttivcti dd.qi'sl.'llt I liter 
item EiiifluU von I'oi/i.nq und kultliing uiionk'liiionlon suit 
die Teniperdturlinicn von Roll- und Spulgjs. Durdi die 
strulipunktiurtc Lime ist wieder der Verluul der Mil- 
.cltemperatur dvs Adsorbent brw. tier S|hm. tirriii.isici 
d.tnj. stellt. Gunstiri ist bei dicfcr Anordnung die Ver- 
starkung dt-i Heirungsellektes durdi die gegen d.is Ad¬ 
sorbens Cn.e getraijne Adsorptionnwarme und die Ver- 
starkung des Eflektos der Kuhlciiiriditung durdi die qe- 
gen don Adsorbens-Antang getrnqi ne Dosnrptionskdite. 
Audi diese Anurdnunq laBt oine angenahert reversible 
Arbeitsweise bis in Gebicte weit gesenkter Temporatur 
bei entspreehend grollem Tcmpcralurgofallc zu. Wie 
bereits oben erwoSnt, ist ein LbersdiuB des Spiilgas- 
volunicns uber das Roligasvolumen bereits bei 10 'C Tem- 
peraturerhohung des Spulgases mdit nielir erlorderlidi. 

Will man die adsorbierten Gasbcstandteile wieder 
gewinnen, so genugt cine woilere Lrhohung dor Tcm- 
peraturdiffcrenz mit glekhzeiugcr Vcrmindorung dc.*r 
Spulgasraenge. Ein3 weitcre Moglidikeit der Anrciche- 
rung besteht in der Desorption bei L’nterdruck zwerk- 
mdfiig und im Sinne dor obigen Ausfuhrungen untcr Boi- 
belialtung der Gegeiiitromspulung. Als Spulgas kann un- 
ter diesen I'mstandcn audi ein vom gercimgten Gas hin- 
ter dem Adsorbens abgezwcigter Teilstrom verwendet 
werden. Die Anwendung eines maflig, z B auf 2 bis 10 atii 
erhohten Druckcs bei der Beladung des Adsorbens ist 
giinstig, falls das gercinigte Gas unter Druck zur Ver- 
fiigung stehen soil. Bei hoheren Druckcn steigen die Gas- 
verluste beim Umschalten u. U. uber omen zulassigen 
Wert, da aucb ein Teil des gereinigten Gases adsoibiert 
wird und bei der Druckentlastung bcim L'mschaPen ver- 
lorcngeht Cber die tedmische Anwendung des Sorbo- 
gen I-Verfalirens sowie die vorbereitenden Versuchc da- 
zu soil in einer ansc'.ilicOenden, spatcren Arbeit beriditet 
werden. 


Zusumr.tcnfassung 

Dif vcrftilireiiMiiuliujen und upparativcn Void asset/tin- 
gen lui cflui ainpii.tm iI tryciMble Aiberswcisc (als 
Sorl>. ujen l-\erl.iiiren be/.rithurl) bei tier Kciiuquritj von 
(tit>cn durdi Adsorption bei vcrhaltnisimmig kurzfristU 
gi in Wedisel der Adsorber vnrzugswcisr lur die Zwecke 
einer weitcien Zerlegung des reinen Gusts unter crliolt- 
teni Druck und bei einiedrigter Temper atur werden 
erlautcrt. Das Vertahrcn v.ird mfolge dor Alinlidikeit des 
Unischaltbctricbes sowie tliermrsdier und stoffaustausch- 
malligi r r ujeiitumlichkcitcn nut dem Verfaluen der Gas- 
reinigung durdi Kalteregeneratorcn vcrgliclien. 

An Hand von Schemazcidmungen und Diagrammen 
werden die Prinzipicn des ..rcversiblen ' Arbeilcns, nam- 
lich V\arnieaustausch zwisthen Adsorptions- (Belade-) 
und Desorptions- (Cnllade-)vorgang audi ohne Anwen- 
dur.g von fremden Heiz- und Kuhlquellen eriautert. Eine 
Bedingunq, um omen hodistcn Keinigungsetfekt aurti bei 
-dor Entfernung sdiwer ^tlsorbicrburer Verunreinigungen 
zu erreidicn, ist die Aufrediterhaltung einer sehr groften 
freien (unbeladenen) Zone; dies wird als das Prinzip 
der ..Teilbcludung" bezeidmet. Eine ..reversible" Arbeits¬ 
weise wird durdi Anwendung des Prinzips der ..Teilent- 
ladung" gefordert Die b( kannte und folgerichtig stets 
angewandte Spiilentgasung mil reinern Spulgas im Ge- 
genstrom zum Rohgas ist eine weitere Voraussctzung so- 
wohl fiir hochsten Reinigungseffekt als audi , reversibles" 
Arbciten. Die Arbeitsweise fur eine Anreicherung und 
Gewinnung adsorbierbarer Bestandteile (als Sorbogon 
Il'Verfdhren bezeidinet) unter Anwendung der gleichen 
Prii.z'pien und unter sparsamster Verwendung von Ener* 
qie fiir Heiz.ung und Kuhlimg nebst den apparativen Vor- 
aussetzungen bierfur wird angegeben. 

Eingeg. it. Aug 1952 |B 380| 
') Dtsch P.itcntanm G 6724 IV b/12e. 

5 ) Dtsdi. PaJentanm. p 22 720 IV b/12eD. 

3 ) Dtsch. Patentanm G 405 IV b'12c. 

4 ) Dtsch. Patentanm. G 94 IV L/I2e. 
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Versa mmlungsberichte 


Vorfragstagung „llochtomperaturtedinik" 

om 10. Oktober 1952 in Essen 


Der ArbcitsausschuQ .Hochtempcraturtedinik* im Fadiaus- 
-chull Vcrfahrenstcchnik des \T)1 tral am 10. Oktober 1952 zum 
ersten Mai mit einer Vortragstagung an die Uffentlichkeit. nadi- 
dem rr bisher uber seine Arbcitssitzungeu nur Kurzherichtc \'er- 
offentlicht hatle*) s )- Sie fond gcmeinsam mit dem Haus der Todi- 
nik e. V.. Essen, statt. T:of Dr.*!nq habil K. Krckelcr hcgruOte 
die Vcrsammlung. vor allcm die ausla.niischen Caste Dir. 
Dr.-Ing. E. h. K. Ritl 1 legte als Obmann des rachausschusses die 
Grunde dar. die vor e.nigen Jahren zur Schaffung des Arheits- 
aussdiusses gefuhrWbutton, obwohl schon dor Industricofen-Aus- 
'sthufl bcim Verein dcutsrher Maschincnbau-Anstalten und ver- 
schicdcne einschlagigc Ausschiisse bemi Vcroin deutsdier Eiscn- 
hultrnlcutc bestanden. Er befaOt sich mit Problcmcn auf folgcn- 
den Gebietcn: 

1 . Phy<ikalhch tcchnische Grundlagcn 

(WarineiiUergang. Slromungsfragcn, Fragen der Obeifladien- 
reaktionen u. a ). 

2. Verbrcnnunqs-, Vergjsungs. urnl Entgasunnstedin k 
(Ga%crzi*ugung. Gas*. Kohlenstaub* un.l U'.bccnner, Carhu- 
rierung), 

3 Ofcnbau 

fkonstruktiv. mit Warntrrudcgew'nnung), 

4 . Baustoff-Fragen, 

US 


5 Mcft- und Rcgeltechmk. deren Entwiddung solbst jedoch in 
den Handcn des Normenausschusses fur McB- und Regc!- 
todinik liegt. 

In engcr Bcziohung zu den interessirrten Kreisrn der Praxis 
soil der Aitssihurt die dringlichs'.en Aufgabrn l.crausstellrn, sic 
an die riditigen Stellen zur Beaibeitunq leiten und sip fitiixn- 
zioren helfen. Wcrtvolle Milfe wird hierbei das none Institut fur 
Verfahrenstedinik in Aachen !c*is!cn konnen 

Zum Abs«hlufl toiltc Dr. Ri^ft -- nut Wortrn des Dankrs f'ir 
die gotcisteto Arbeit — mit. dofl Prof. Joh. Kortinq nus Gesund- 
heitsrucksichten scin Amt -*.ls Obmann nicdergidcgt und Dr -Inu 
A. Scfiack cs ubcinommen nabr. djnn ubergab er die Lcitung d«T 
Tagung an Prof. Dr.-Ing F. Schuster. 

Prol Dr. lnq. f SCHWAR 7 . VOM UERGKAMPF. Lcobcn 
Raiionel’t Modcllheuuchiuntjcn \ on Industrie Ohm 3 ) 

D.i* Untcrsudiungen hal'cn zum Zicl. an H.«r.d von dimrn* 
sionslosru KunngiaAen. xvie der Re\ noldn-, (irnshrl • und Nufle/f- 
sdmn Zahl, ti c* IMirrlr.iiiung vc»n Modr ItniMwin <iuf nroHi* Be- 
friebs.iiisfu'uungen von ON n zu er mug I it lien. Die Erneb^^•"•• 
tier durriigefiihttcn Rethnunm n stimm't ii ulH* r rastltentl nut ill" 
ein mil e»u.?r qrol'i n Zubl v«*n Ati«fiihrun»ien tier \e r ^thi«*<l , ' ,, ‘ 
slcn (Hen. wie Sdiathtofi-n iffudiolm. Kupolofcn. Kjlk«*fe" 
usw |, llerdofcn mit fluss>nem und fctli m t*ut sowie Diet 
Die vout Retlnrr emg.'luhiten Vergroftcninnsexponentcn netnn 
dem Ofenbaucr wertvolten Anhalt bei trinen Bcrechnnngen. 

Ctirinm-fim -Tr*hn 

IS. i m'N* • 
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tiim "](i;vrit. i :j]ii.K" adsorption as a means for rrkc leaning 

AND FRACTIONATING OF GASF.OUS MIXTURES 
by Dr. -In,",. Heinrich Kahle, 

Gossel 1 s< lrilL fur Linde's Fiuinachinen 'At; . , Uol 1 ri c gel skroulh 


On hand of diagrams and schematic 'ayout exainpIeu, the 
princi ple:; as well as the equi piuerit and process foundal i om; for an 
approximate reversible yis cleaning and separation through adsorption 
for the purpose of extreme, purification of the process gar; are exp] ained. 
The requisits are: combination of adsorbers with heat exchangers at 
both ends of the adsorbers, loading and unloading limitation of the 
adsorbers as well as counter flow unloading with adsorbatc-frcc purge 
gases. 

Strictly reversible processes are neither known in the 
technique nor do Liny appear attainable. But there art some processes, 
particularly in the fractionating technique of gases at low temperatures 
which coiiiw close to a reversible operation. In this respect, a rever¬ 
sible operation shall be defined as one that has a technical maximum 
efficiency or approaches it. (This in turn is a part of what could 
Ik obtained in Lheoiitical reversible work operations.) The operation 
of heating and n-cooling of gases can be called nearly "reversible" 
if if is done with the. help o( the counter flow heat exchanger with 
lowest possible temperature differential. 

Also in lhe exchange of matter have such operating methods 
become known. Foi example, fractionating is an opeiating method 
* .at is approaching reversibility in the separation of matter. In 
inis respect, worth noting an also processes where the heat of solution 
o the washing opernt im. is used for the heal intake needed in Mie 
degasing of the Joe.did washing means at a small mean temperature 
differential between-the two processes. Often considerable temperature 
span: arc covered, i.e. when the solution processes are taking place at 
low temperal i'<re lovt The two operations of the energy and matter 

i nchai.gc* are running, parallel in this case. 


lYerey and Mailer li-ruai. :>e in P.egc nerat nrs 

Energy and matter exchange can be reversibly accomplished 
to ci lar,, degree o-v« 11 over grcaL temperature differentials with 
n oper sizing end time cycling, especially when the Lo lie-exchanged 
c,.*cntitics ot matter arc in moderate concentration. 
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eye] oil wi Lli fitorage mass filled re. generator branches, Logc-Llu r v. th 
the cycling components whose operation is schemal i c;i i ] y shown. 

The- operating condition before cycling is shown by the solid arrows, 
the operating condition ofUr cycling by tlic dashed arrows. The- 
diagonal • bar drawn into the upper and lower schemat.ical 1 y .shown 
cyclin’’ component connect after every 00° rotation the inlet respec¬ 
tively the outlet lines for the in and out going gas, each time with 
the other branch of Llie* apparatus. The raw gas with the coneensiblc- 
impurities enters the lcfL regenerator at abouL 2‘>° C in the illus¬ 
trated cycle, gives off its condensible parts through condensation 
to Lhe storage which had been cooled before and leaves through the 
uppCi cycling component as clean gas with low temperature (i.c-., 
minus 1 j 0° C) to be passed on to Lhe fractionating apparatus. At the 
same time, clean purged gas, i.e., a fractionation product, flows 
through the upper cycle component into the right storage at minus l r >5' 
and flows out at the lower cycling component at about 20° loaded with 
the impurities which it collected through evaporation. The temperature 
course of a particle of the gas along the storage mass in Lhe rc-genc-rat 
os it adjusts itself in its stead condition at Lhe end of the raw 
gas period respectively at the end of the purge gas period, in other 
words shortly before Lhe cycling, is shown in principle by a diagram 
in Picture 2. 

The gas that reaches the storage mass shortly before the 
cycling changes its temperature initially only very liLLlc at the 
beginning layer of the storage mass, because this layer has already 
adjusted its temperature during the- prior inflow Lo that of Lhe 
constant temperature of the incoming gas. Only further down Lhe 
mass the temperature of the raw gas fails off, respectively that of 
the purge gas climbs. At all other times, between the two cycles, 
the temperature lines of the flowing gas stay between the fat dashed 
and'solid lines, whereby Lhe points lying on both curves vertically 
below and above one another represent the two temperature extremes 
at any cross section of the storage mass. The temperature of the 
storage mass itself moves; also between these two curves. Its mean 
temperature is constantly in the steady condi Lion .^corresponds Lo the 
dot-dash curve. One characteristic of the regenerator operation is 
this constant temperature slope in the storage mass which is depindcnl 
upon the type' and quantity of the mass as well as the temperature 
condition and the composition of the raw and purge gases. 

If the raw gas contains condensible components then at a 
given point in Lime-, which depend: on respective operating cond Lions, 
and in a certain area of the storage mass condensate wi 1 I be separated 
from the raw gas on one- hand and on tin. other hand evaporated ii to the 
purge gas in a quantity that can be calculated in advance, because to 
each temperature.' belongs a ’ spec if ic saturation pressure of the e o.-.den- 
sibic part. AL specific temperature di fferent ia I s in Lite area oi. 
saLurnl i on *a certain amount of couch n.'ate will always hi knocked out 
in the "to-be-warm, d" re 'generator; respectively will ho evaporated 
in the "Lo-bci-cool c d" re gem ml oj . AL lit. same* i i me a given nmoae.L 
of e'.ondt nsal i on heal. i:. r< I < used cm one hand respect i ve I y required 
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oil the oilier hand. This positive respect i vl ey negative, temperature 
Liul superimposes itself on the normal energy exchange between the 
] a l i'll L temperature content of the purge gas on one side find the raw 
yun on tin* oilier side, wi tli tiie storage mass as the exchange medium, 
wlii eh stores the positive as well as Lhe negative temperature Lint 
initially, to pass iL on to tin other gas type after cycling. The 
advantage- of this kind of energy and matter exchange .compared with 
the usual cleaning and fractionating processes where the condensation 
of a mill Lio.omponenL gaseous mixture often has to take place at a 
lower temperature than the evaporation, is that the evaporation oi 
the condensate in the stream of the purge gas and Lhe fractionation 
products occurs at about Lhe same or even at a lower temperature level 
than the condensation, whereby an approximate reversible operation 
is achieved. 

The heat which is released during condensation is substantially 
taken up by Lhe storage masses, however, remainders pass with the ra\\ 
pus to zones of lower temperature. Also the cold that is being released 
during evaporation is carried in part to zones of higher teniperaLure 
and contributes undesirably to Lhe increase in the temperature differ¬ 
ential at Lhe extremes of Lhe heat exchanger which (the temperature 
differential) in the interestof good heat exchange should be kept 
as small as possible. This happens particularly when considerable 
quantities of condensate arc knocked out and are again evaporated. 

Fxchange of liner;- ,y an d M atte r in Adso r bers Combined with Regene rators 

The previously described process of gas treatment in regener¬ 
ators is now compared with one in adsorbers, whereby the adsorbois .ire 

regenerators and are operated in a certain manner. 

parallel to the prior described 
Processes. A combination is 

hown in Picture 3. 


combined with the regenerators 
Tiie.se processes which are an 
process shul 1 be identified a 


interesting 
s Sorbogen 


.Sorboge n 1 Proc ess 

In the combined two-branch apparatus which has an inflow of . 
raw gas, respectively purge gas, of about tin- same LemperaLure and which 
consists in each branch of a cold storage, the adsorber, find the- heat 
storage, wiLhouL external influence, solely due to Lhe positive 
temperature tint of the adsorption process and Lhe negative Lempcrntiu e 
tint of the desurpti on process, the temperature curve in Lhe ailsoi bei 
establishes itself so that Liu- temperature from the inlet point of 
the raw gas to the outlet point increases. From this it is self- 
evident that the storage at the- raw gas side has taken on the function 
..of a cold storage ; Liu storage on the clean gas side, Lhe function of 
i. heat storage. 


Per Picture A, .-it the free end of the storages, temperatures 
differ only.- J i gilt lyfrom the su r round i ng l i mpernturcs and vaiy only 
in close limit:’. Tin temporal u re of the p..rliele of raw gas flowing 
at. ambient tempi' rat u i a into the cold sl.oinge therefore inil i.illy' 
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hops in Lhe cold sLoro; 


in the adsorber, to 
along the ]flyers of 


r j .so:; 


- o^.'iin obove the* ambient temperature 

Ih; cool cm] down .agai.n to the ambient LeinperaLurc* 
the boat - 


sLorage 


In 

two bronchi 

and in Picture 8, the* 
off (see* Picture 2), 


Picture A, the* temperature course of the* gases in Lhe 
just before cycling is shown. For simplicity sake* hire 
part of the consLant temperature curve was left 


Through 


r( '<"ula r eye 1ing, within certain time limits,one assure* 
that the* temperature* gradient is maintained in the* adsorbers as well 
ad’storages. The particle of purge gas which desorbs Lhe 
^tor eyclrng is subject, as evident, contrary to the raw 
r?se OI- lhn b ho , fl f WJ in 0 PP osito direction, first to a temperature 
Hr fc i h ° L thon a temperature drop along the layers 

r^ld h «i^adsorber, followed by a warming to ambient temperature at the 
cold sLoragc at the other end of the adsorber. 


., lcn , ,, .adsorption beat that is released during the binding of 
adsorbable components is carried along a certain stretch by the clean 
gcs in the direction of the flow of the raw gas. A part of the heat 
remains on Lhe* adsorbent itself, as it also has a certain heat storte 
capacity: Lhe rest is taken up by the storage mass. S 

cold emsnMMrr* rSa <lur ' U ^ desorption of Lhe adsorbent corresponding 
. L • set free, respectively, heat is being bound 
iVip] f‘ ,k ?r X>pa ! r , t fro "' tho adsorbent mass and in part from the 
? L r r VV y the temperature cun sink considerably below tho 

on' h? ; 1 f \ e c '° J d produced during desorption doe.s noL remain ent irely 
on Lhe adsorbent, but is carried in part to the cold storage by the 

ijroupliMn' y K Tf the .P ur R c eas, which is loaded with desorbate, is a-ain 
brought up to tho ambient temperature. ° 

,i , , The lur Cer the adsorbed quantities, the larger is not onlv 
ti‘fn f rl Vt ^° P,nC J nL ° f 1 * Kc,<L durin s adsorption, but also the cold produc- 
t on five's S <J ?n tl0n .'i storage masses at the end of the mlsorp- 

V tlU ‘ ca V l ! f hilt the heat tint of the adsorption prot ect 

eMin?r.o| L id rW for would 1 h:,v f Lu hc earried away by cooling water and 
f bx.umpl c, is now usefully available Lo Lhe opposite 
(.CcorpLion process, win ch up to now was .supported by heating. 

tnb.,| f -°hn r° pl, T OS at ench GncJ of lhc adsorbers, the storage 
!rir eubulai heal, exchangers,one accomplishes tlie same thing. In 

’’ , c V cJj »S components are located between the conti nuouslv 

operating exchangers and the adsorbers, Picture 5. 5 


wj tli 
11 


[>- 

1 : 


pec of 
not li 


lhe previously proposed arrangement of the adsorbent in the 
fie lu*al exchanger and I lit adsorbing and desorbin.* therein 
U ly to liavi Lin.* i fi ect i vent s.«: of tho above nrrnn.;oinui 1 . 



J 1 £ —£iX2£]—^£i XiJ_£i J—Uiil.Siill] J J2S. 

Thai this process of loading ""‘J r d" 1 ui<Mmr”e gas consumption 
can also be approximat c.ly rivers! ble r go^ ‘u-Ry, can be 

and at the same Lime, nc, ”<;Y£“ JPrinciples in thc P acis;orption respective! 
attained through Lwo operation n r the principle 

derurplion of the adsorbent. Let us call tnem 
of partial loading and partial unloading. 

Thot with the .Inflowing »w gas ^^“^''CLnTnoLTr 0 '’ 
to saturation, but only to a bl cak V br ,£ loading value of the adsorbent 
a long time. (breakthrough vu u^ rcinovc .d from the inflowing gas, 
at which the component that is o ue run however, wishes to obtain 

TO“a^ h c«?Hy.:^o n ,SS5iL a Lhe* adsorbent to nearly its 
breakthrough value is still too high. 

In accordance with the new principle ofJ“alSi’and C 

adsorbent is only loaded to a . f [‘! d U °i n this "way a relatively large 
the adsorption is then interiup . unloaded, which is acceptable, 

i" y u Is me chSarterisufof tilt described process and arrangement 

to allow a more frec|uent cycling. 

' Through application of this P r !" c ‘Slf 
purity of air was achieved in a taennea ‘ , ^lp impurities 1 i ice 

described, also with relatively d r j unsuitable 

G0 f \, at a temperature, which up to no . ® time the heating of 

for this purpose, additional ly when ^ e d ^lbed principle of 
purge gas was omitted and the b . £ £qv Lbe highest degree 

partial desorption was utili/.eu. 1 , entirelv free of the 

of purity is, of course that the purge gas ctlol , over 

components to he removed and ulwn... diuj. The principle of 

ga^'to^make^it*'most^eagec^for the fol1 owing period of adsorpl 
The working principles are espiallaio^loa., 

;, „ortcS iati,: U was found that.at an '"t^L^Two of the wUh 
, ,C could clean air of its impurities, among othi - . ' 0 f 09%, 

difficulty adsorbabl t: carbon dioxide, With a puuLy in - „ v ., ln , 

using a layer of 1.5 m of act vat:d chnrxoai, “ |0 \ s ^ in . n H 0 n vaU.o, ’ 

Starting i.i.Lh a C0^ residual loading , . ion value, and 

• loadin'' the charcoal to about V>L ol ils. salm .i-Loncau, 

I- . X uentlv, at about the same temperature, ,n.r 8 n« with a 
ii iu,,; of Xml .hrc Limes ol purge gas in connterllow to the 
. ; dual value of about VL partially unloaded. 
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Picture f. shows on the absi.ssa, the length of L1 • o layer in 
fraction of I lie whole, and on the ordinate, the’ relative loading 
height of the vertical cross section (the- adsorbent is pictured as 
lying horizontally) in fraction of max i mum saturation loading. 'the 
two S form in;* lines .are the load in;*, fronts which arc enclosing the 
so-called add-load zone £. TIu left front doJinintes the area of the 
permanent. load, respectively residual load, the right front, the one 
of the add-load at the moment of cycling to the counterflow unior ing. 
between this S forming load front on the right and the end of the 
layer lies the unloaded zone. This and similar measurements will 
be reported in a later article. Because the purge gas in counterflow 
to the raw gas streams at the end over Lho adsorbent layer which is 
constantly saturated, it loads itself up with desorbnblc components 
to the maximum until the close of the purge* gas period. The purg ng 
is stopped when the loading of the purge gas drops off substanLie ly. 
One can figure an isotherm partial adsorption and desorption at tie 
same total pressure with about three Limes the purge gets volume if 
otic'wants, at. the same time, maximum cleaning effect. Wi th twice the. 
purge gas volume, Liu cleaning effect drops off some. At each .‘>°C 
higher nurge gas temperature, the ratio of purge gas to raw gas 
volume .s cut in half, so that at 10°C higher temperature one air ady 
needs less nurge gas than raw gas. It is a matter of planning to 
coordinate tJ• requirement lor good utilization of the available 
purge gas with the requirement for a good heat exchange. It is always 
possible to exceed the guide figures by fractions, so that one can do 
justice to both requirements which do not contradict eacli other. 

The situation that with isotherm desorption, one needs 
several times the purge gas than the raw gas volume, in spite of this 
economical working method, shows that one has to figure with a ct ••Lain 
hysteresis. Apart from the fact that one cannot expect complete 
equilibrium between adsorption phase and gas phase, the excess 
consumption on purge.* gas lias to do with the temperature depression, 
which occurs during the desorption of the adsorbent in tin* last jurged 
and still heavily loaded adsorbent layer. In Liu* laboratory scale, 
that is with a large surface* compared to mass and good heat trails' or, 
this effect, is hardly noticeable ; in technical installations, however, 
it: ctuld be clearly ohseivcd. The arrangement of the storage masses 
at the end of the adsoibeul. layer causes Lliat this effect does not 
work out to a disadvantage.*. As a consequence of the partial unloading 
i nci pie, the retained load in the adsorbent along the retained loan 
front prevents the adsorption heat during adsorption from conecnL ml i iv, 
in a small space, but distributes it over a greater distance, where ay 
the above mentioned climbing temperature.* curve towards the adsorben 1 . 
end and a Letter thermic of I cctivuncssare achieved. Vice versa in 
a fully desorbed adsorbent, a large amount, of boat wculd become 1 rcc. 
in a small space, which considering the reversible operation would 
Lc especially disadvantageous, if as in the Sorbogoii II Process 
(Picture. /) for special reasons’ I.In l eiiipornl lire gradient along the 
.■ororbent layer is increased through henLing respectively cool in. 
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apparatus between exchangers and adsorbers to bind and eventually 
enrich the volatile itnpiiritier respectively gas components. 


Sorbor.cn IJ Process 


apparatus at the raw gas inlet, i.e., between 
adsorbent, respectively, a heating apparatus 
i.e., between heat storage and the 3 adsorbent, 
system allows to lioaL and cool both branches 
the saint time. Thereby, time is gained for pre¬ 
cooling, respectively preheating, of the storage masses which are 
preceding tin raw gas, respectively preheating, the purge gas. The 
mutual influencing of heating and cooling apparatus is prevented throug, 
regular cycling and maintaining of a temperature curve along 
bent layer. Depending on the flow condition in 


Here, a cooling 
the cold storage and the 
at the clean gas outlet, 
is arranged. This 
constantly, and at 


the cooling appar 


either cools the raw gas 


the adsor- 

Lhe prevailing cycle, 
before iLs entry into 


the adsorbent or after cycling the outgoing loaded purge gas berorc 
it enters into the 3 cold storage, which now after its temporary p.'uciai 
by the raw gas, is being blown cold again (Picture^ I) . Dining 


the raw gas, i _ 

one period, the-heating apparatus beats the purge 
preheated by the heat storage before iL goes inLo 


gas 

the 


which has been 
adsorbent. During 


the following period, it (the heat apparatus) beats the purified gas 
before it goes into the adjoining precooled heat storage. The beat 

. . .. . _r c i- -w- *>»*»*'« l.n'.t- nf fi ri ml 1 V I'hp nil VP O 


storage can therefore, after cycling, preheat efficiently the purge gas, 
Of course, also in this arrangc'ment the adsorbents and storage masses 
.are lie pi in a constantly maintained temperature curve, whereby the free 
end of the storage is always near the ambient temperature (1ictiu c 
|]i re also, (aga in)the change of the temperature of a particle ol iaw 
respectively purge, gas flowing through the_apparalus shortly before 
cycling is sclictii.itice. 1 ly shown. Under the 


8 ). 


cooling the tcmpc-ralurc curves of raw and purge* g 


dot-dash Jine 


adsorbent 


HI; 


again siiov/s the 
’jiii eti vi I y tin 


course of 
storage mass 


influence of heating and 
e gas cross over. The 
the mean temperature of Lhc 
. Advantageous 5 in this 
the adsorption 


arrangement/the reinforcing of the heating effect by L._ 
boat carried towards tlio adsorbent' end and the reinforcing ol the 

the desorption colei carried towards 


ec l 

.-i 


by 


the cooling apparatus , - 

adsorbent start. Also this arrangement enables a nearly reversible 
operation down to the area of very low temperature* with a corresponding 
steep temperature* curve*. As we already mentioned above, an 
purge* gas over raw gas is no longer needed at a temporal urc 
of 10°C. 


excess of 
j nr. rease 


further increase 
of tin purge gas 
enrichment exist 
r.nd, in the sense* 
;...*.*< . In these 
partial flow of 
l.< nl.. Tire* use in' 


If one wishes to recapture the adsorbed gas components, a 

he temperature difference willi concurrent reduction 
me is adequate. An additional possibility of 
the' expedient desorption at sub (lower) pressure 
he above* execution, by maintaining a counterflow 


of Lhc 
vol in..i 
y i n 
of lb 

e i rcum:;l . nice:;, 
the 

IllOi 


also use as purge gas, a 

rJean gar branched off downstream from the adsor- 
di r.'.Li'ly hij-.ber pressure, i.e., 2-JOatm., during 


one can 


he ad^orplion ol tin adsorbent is advanlageous in 


ease Lin cleaned 










T 


Vnt-n!' - 1 bo abI< ? under pressure. At higher pressures, the gas 

•iccrnt ihl!. r rV a M ' cyc n, 8 undc r certain clrcumsLances beyond an " 

C ; ; b , as also part of the cleaned gas is adsorbed and 

uti i-^tf Vi ,"? ^ Mrcssuro reduction at cycling. -.iThe technical 

’tn « riv ' . -? . b Ct ' n lr « c V sa » as wel1 a * Lhe preparatory experi- 

,xr,l ~ for iL >' 1 h <-‘ reported m a following later article. * 


fJumriK.rjr 

rcv ( rHl 1 l, ll, n,! >rfJ | and apparatus prerequisites for an approximate 
l.Z r l .,, x T f, i Lj0 ' 1 (called Sorbogen I Process) in the cleaning of 
%-orL^” l? b f ada , 0, 1 * lJt i on w i'- h relatively short duration cycling of the 
'denr.ed'c-l n f( i r,lb T f °t' purpos « of further fractionating of the 
exnl' inrd n d< T c 1 LVflt V d pr<^sure and at lowered temperature, are 
" h i the similarity of the cycling operation as well 

, . Lhe Ll,c ' 1,li “ 1 i und matter exchange characteristics, the process is 

generators? r Wlth U ‘ e pr ° Ces ? £ of S as purifying by means of cold' 

c-f '•rever??bUa‘ d «°L S f b0!,,atiCS, 1 dra , win , fis and dia firams, the principles 
(lo-din-0 and d.- n g ir ° n ^ n V ,nc Y u l 1e hoat exchange between adsorption 
l'o?Diin heaMVr (unloading) process, even without use of 

icrci^n beat uiidcoo) ing sources, ore exp] ained. A condition to achieve 

^rrpuritTes^i^ 1 [ hc'm'( d T c< r* : . evcn * n ^ removal of difficult to adsorb 

maintaining of a very largo free (unloaded) zone. 

‘ I'f ca J lcd the principle of "partial loading". A "reversible" 

loading" 11 ’?! pr , 011,01 td though use of the principle of "partial 
JoriJing . lhe known ano always consistently applied pur<-e depasinc 
yerh clean purge gas in counter flow to the Lw wus is a further 
onor'-Licn llC ’ri f0r ‘'T 1,1 finest purity effect as well as for "reversible" 
comoonc-'its (c l ‘lieu' c. "‘f 1 *° d ^r enrichment and gaining of the adsorbabl 
X 1 o! Scnbagr.n II Process), utilizing the same principles 

wiV ihn economical use ol. energy for heating'and cooling together 

WlLh U,e P ri rt( juis j Les of the apparatus for it, are given. L 


Submitted August 11, 19S2 and 

1) Dtsch. Pate 11 Lai nil. C 672A IV b/].2c. 

2) Dtsch. Patentainn. P 22 720 IV b/l2el). ‘ 

3) Dtsch. Patentanm. G AOS IV b/l2e 
A) Dtsch. Patentanm. C 9A IV b/12e; 
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TRINITY TYPE A HEAT R 


Trinity Type A Dryeri or* designed to provide o depend¬ 
able source of dry air or gas with dewpoints down to 
-100*F. The standard packages as described on the oppo¬ 
site page ore oil outomotic. (Semi-automatic ond manual 
units are available on special order.) 

These dryers use no blowers, utilising the principle of 
atmospheric regeneration whereby a small percentage of 
the effluent dry gas is introduced into the chamber under¬ 
going regeneration and then passing out through the 
purge line. Electric heating units are employed in the 
desiccant chambers to raise the temperature of the bed 
during the reactivation process. Cycling time is adjustable 
to meet the specific needs of the installation, with the 
usual cycle time of 6 hours. Steam heated units are avail¬ 
able on special order. 


Trinity Type A Heat-Reactivated Desiccant dryers are of 
an advanced design, carefully engineered ond manu¬ 
factured to provide the finest performance, greatest de¬ 
pendability and lowest operating costs. 


TYPICAL FLOW DIAGRAM (3C0A to 875A) 


3 'JRGt VALVE 


DRY AIR 

CHECK VALVE OUTLET 


CHcCK_yAlVE_ 



WET AIR 
INLET 


- :ATIR t 
-.EATER TUBl 


. I' '! 

i 

w 


A "" PURGE 
7 EXHAUST 
00 ATMOSPHERE) 


SCREEN 



4 WAY 
SWITCHING 
VALVE 


REPRESSURIZING 
VALVE 
HEATER 
(INSIDE TUBE) 


HEATER TUBE 


LETT DESICCANT 
:HAV3-:» CRYING AT 
LINE PRESSURE 


RIGHT 

CHAMBER REGENERATING 
lie HEATING. 

PURGING A COOLING) 


I GAS BEING DRIED 


I PURGE GAS (FOR REACTIVATION) 


A tyixcal flow circuit tor Models 300A through 875A is shown 
above The smaller Type A models have flow circuits based upon 
a similar principle. Each Type A dryer utilizes a small dryair 
counter flow purge which ezhausts to atmosphere Models SOA 
and larger include repressurization of the chamber being reac¬ 
tivated. before cycling switchover. 


o 


FEATURES 


Exclusive air flow heater tubes prevent channeling during 
drying and provide better heat conduction into the bed 
during reactivation. (Models 25A through 875A) 

Electric heaters do not contact desiccant bed and may 
be removed and reinserted without disturbing the bed. 

'All models) _ U 

Flow of purge is counter-current to the drying flow. Purge 
is pre dried. (On models 25A through 875A purge is pre¬ 
heated) 

Repressurizing valve on drain eliminates hammering, or 
moving action of desiccant, resulting in longer desiccant 
life. (Models 50A through 875A) 


USED AND APPROVED IN 
HUNDREDS Or INSTALLATIONS 

Trinity Typa A Heat-Reactivated Dryar* ara currently in 
usa in industrial, scientific and commercial operations 
throughout the world. Many of these units have been in 
service for periods of over 10 years and have established 
' :< jnificant records for economy, dependability and per- 
,.mance. 


Widely used as a means of drying instrument air, Trinity 
dryers have also found such diversified uses as drying 
air or gas for food and drug processing, atmospheric fur¬ 
nace purging, electronic transmission line purging, dry- 
box assembly purging, and drying process gases. 


o 


HOW IT OPERATES 

(Operation of Model! 300A through 87 SA is described) 

Air or gas enters through the four-way valve and passes 
into the left-hand chamber. The air or gas then passes 
through the desiccant bed which adsorbs the moisture. 
The driedgas then goes through the heater tube, through 
the open check valve, and out into the system. A small 
percentage of the dried gas passes through the purge 
valve to the chamber undergoing reactivation which 
has been dropped to atmospheric pressure. The purge is 
pre-heated as it passes over the heaters, and carries off 
the moisture in the desiccant bed out through the purge 
exhaust valve. At the end of the heating cycle, the heoter 
is de-energized and the right chamber cools. Before the 
end of the cooling period, the purge exhaust valve closes, 
permitting a build-up of pressure in the reactivated 
chamber to line pressure. This repressurization eliminates 
surges downstream of the dryer ond bed movement on 
switchover. At the end of the cycle, the switching volve 
directs the gos into the right chamber and the purge 
exhaust valve opens and the left chomber is reactivated. 


o 


I 
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EACTIVATED DRYERS 


"ft 0 0 “ 


_r i 


1YPE A MIDGET DRYER 
Models 5A-EIA6, 10A FIA6, and 25A- 
EIA6. For drying smali flows of com¬ 
pressed gases in instrument air, inert 
gas and purging systems. 



TYPE A MODELS 50A-EIA6 
TO 200A-EIA6 DRYERS 
Floor-mounted units designed to dry 
intermediate volumes of compressed 
air or gas for industrial and laboratory 
purposes. 



TYPE A MODELS 300A-EIA6 
TO 87SA-EIA6 DRYERS 

Large cavacity to meet the ever in¬ 
creasing needs o< industry for sub zero 
dewpoints in air or gases 




Trinity offers a complete line of 
standard Type A Dryers in the 
most popular sixes. These stand¬ 
ard models are offered in two 
basic packages. Packoge A dry¬ 
ers include the basic minimum in¬ 
strumentation necessary for 
proper operation, and Package 
B dryers include deluxe instru¬ 
mentation for additional operat¬ 
ing information. 

To meet special requirements, the 
Trinity engineering staff will 
modify any of these standard 
units. Consult your local Trinity 
sales representative, or the Trini¬ 
ty factory for complete informa¬ 
tion on specials. 


NOTE: 

The above NEMA 1 dryers can be supplied in either NFMA 4 or NFMA 7 electrical 
construction by specifying Package A4 or B4 (for NEMA 4) or Package A7 or B7 (for NFMA 7) 

Standard pressure: Models 5A to 25A-30 psig min., 150 psig max. (Not code stamped) 

Models 50A to 875A-50 psig min., 150 psig max. (ASME code stamped) 
Standard temperature: 40‘F. Mm. to 120’F. Max. 

Electrical Requirements: 5A through 25A-115 Volts. 60 Cycles. 1 phase 

50A through 150A-115 Volts or 230 Volts, 60 cycles, 1 phase 
200A-230 Volts. 60 cycles. 1 phase 

300A through 875A-230 Volts. 440 Volts. 550 Volts, 60 Cycles, 3 phase 

FILTERS: It is normally recommended that a suitable prefilter be 
installed ahead of each dryer to assure the most efficient operation. 

Also, when the usage so dictates, an appropriate afterfilter should 
be used after the dryer. Trinity offers a complete line of filters. 


HO 17 TO Or?D’ir? 

Sizing information is provided an 
the back page of this bulletin. 
Trinity also maintains field sales 
and engineering offices through¬ 
out the country, staffed by com¬ 
petent personnel experienced in 
sizing and specifying the dryer 
best suited to your indtvtduat 
needs. These services are avail¬ 
able to you... 



(l ' 1 . ? 

DISTINGUISHING FEATURES OF STANDARD PACKAGED UNITS 

"A" PACKAGE 

“I" PACKAGE 

DRYER NO. 

FEATURES 

DRYER NO. 

FEATURES 

SA-EIAS-A1 
10A-EIA6 At 
2SAEIA5-A1 

Outlet Pressure Gauge 

5A-EIA6B1 

10A EIA6-B1 
25A-EIA6-B1 

Outlet Pressure Gauge 

Visual Moisture Indicator 

5QA-CIA6-A1 
100A EIA6-A1 

Mounted 

Chamber Pressure Gauge 

S0A EIA6-B1 
100A EIA6-B1 

Panel Mounted 

Chamber Pressure Gauge 
Purge Flow Indicator 

Visual Moisture Indicator 

15UAEIA6A1 

200A-EIA6A1 

Locally Mounted 

Chamber Pressure Gauge 

150AEIA6-B1 

200A-EIA6-B1 

Panel Mounted 

Chamber Pressure Gauges 
Chamber Thermometers 

Purge Flow Indicator 

Visual Moisture Indicator 

300A EIA6-A1 
400A-E1A6-A1 
S6GA FIA5A1 
625AEIA6A1 
750A-EIAS-A1 
875A-EIA6 AT 

locally Mounted 

Chamber Pressure Gauge 

.. . .. 

300A-EIA6 B1 
400A-EIA6-B1 
500AEIASB1 
625ACIA6BI 
750AEIA6B1 
87SA EIAS-B1 

Panel Mounted 

Inlet Pressure Gauges 

Outlet Pressure Gauges 
Chamber Pressure Gauges 
Chamber Thermometer, 

Purge Plow Indicator 

Visual Moisture Indicator 


V 
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SIZING INFORMATION 


Haw to tix* a dryar: 

1. Calculate the water load 

W = KV W = Water load per drying period (lbs.) 

K = Suing factor (See Table II) 

V = Volume of gas being dried (SCFM) 

2. Select a tentative dryer sue from Table I. The selected 
dryer must ha/e a "W" capacity equal to, or greater than, 
the calculated value. 


1 -Velocity Check 

u= ttZJL- 

(P + 14.7)A 


U = Chamber velocity (ft./min.) 

P = Inlet pressure (psig) 

A = Chamber area (sq. ft., see table I) 


Note: If the calculated chamber velocity exceeds 
45 ft/min., change the selection tc a larger 
model that will provide a velocity of 45 ft/min. 
or less. 


DRYER 

sin 

SITE 

CONNECTIONS 
(INLET g 
OUTLET) 

Hcighl 

5A 

np: 

rr 

1QA 

W NPI 

1 9* 

7SA 

vy NPT 

2-6" 

50A 

1" NPT 

4 r 

I0OA 

1W NPI 

a r 

1504 

lWNPt 

5-0* 

200A 

ILy- NPT 

5 O' 

300A 

?• NPT 

6 10- 

400A 

r npt 

6 I!' 

SOOA 

2' NPT 

7*-|- 

625A 

rt 

7-5‘ 

750A 

3"t 

7 r 

I75A 

rt 

7 8' 


Width 

Depth 

PURGE 
VOLUME 
(SC EM) 

APPROX 
SHIPPING 
WEIGHT 
(LBS) 

WEIGHT or 
0ESICCANT 
PER 

CHAMBER 

(IBS) 

rr 

5-V 

02 

136 

3 

jr 

5V 

04 

165 

5 

26- 

8V 

1 

250 

12Vi 

2-0- 

2 2’ 

2 

850 

29 

2 0" 
ft 

7 r 

2 9" 

3 

4 

1000 

1350 

42 

»7 

rr 

29 

5 

1550 

125 

4-7V5" 

2 -3 Vi" 

10 

2500 

190 

4- '.IVY 

2 -456- 

12 

2750 

280 

5 -JW 

2 5V«- 

15 

3050 

JTS 

5-7V5- 

2 9‘ 

20 

3300 

440 

TTlTP - 

211- 

25 

3650 

570 

6 3W- 

3f 

30 

3900 

640 


CHAMBER 

AREA 

"A' 

ISO FTJ 


WATER 

LOAD* 

CAPACITY 

•w 

(IBS) 


ELECTRICAL OAIA 

CONSUMP 
IEMAN0 TIOW PER 
(KWI ORYING 
PERIOO 

_ IXW HRI 

0 125 0 5 


• r- 1 * 0 -- flMCID 4**LfT 
r »»*T OUTlIT 


•WAT|»lOAOfO«SO«8IAOO» StUC* CU 
»0« H \1\ ACTtVATIO ALUMINA MULTIPLY * tv 0 •• 
I0« M ACriVAHO ALUMINA MUlllUV W 0 42 


30 

1 

40 . 

SO , 

60 

;c 

Ml 


050 * 

04? ‘ 

036 1 

C3? 

099 


081 ' 

MS 1 

' 059 t 

OS? 

139 

* 

114 ' 

0*6 

084 t 

074 

194 

] 

159 ' 

1)4 

' 116 j 

103 

7*6 


218 ' 

13S 

160 1 

141 

1fcS 

T 

29) : 

79? \ 

718 t 

19? 

475 

J 

345 i 

79S 

255 i 

??S 

490 


400 ' 

340 

293 

7S8 

S4: 

* 

460 

388 ' 

337 1 

797 

644 

1 

530 ’ 

: «« 

3.7 | 

34? 


i too no i 

f 074 j 0?? f 
! 038 I 035 T 


179 i 167 
211 I 202 
250 ! 231 


110 I 120 I 125 

022 t 020 j 020 

__ 035 , 033 J 0J7 

054 i 053 l 046 * 045 

075 j 060 064 I 063 

096 i 058 j 085 
130 * 121 I 116 
151 ! 140 136 

167 | 161 j 167 
202 I 186 1 181 
231 ! 213 I 207 


DEFINITIONS ACCORDING TO NEMA STANDARD AD-1-1959 
CYClt it th« tint* allowed *or o doticcant bad to ba in 
drying tarvica, raoctivotad. ond ratumad to drying tarv- 
ico A DRYING PIRIOO it the portion o» o cycla during 
which lha daticconl bad partorml lha drying function 
STANDARD CUBIC HIT PIR MINUH (SCFM) it tha flow 
rota which, for convanianca. hot baan rafarrad to ttondord 
condiliont (A tamparoturo of 70 F ond ot on otmotpharic 
prattura of 29 9} inchot at maoturad on o mercury 
boromatar3 


NOTE Above table of "K" factors is 
ior an 8 hour drying period 


TYPE AB DRYERS 

Blower type dryers for use 
where no cooling water is 
available, or in intermittent 
or low-llow applications See 
Bulletin AB 310 



based upon 6 hour drying period Multiply “K" 


OTHER 


HEAT-IES DRYERS 

An exclusive Trinity design 
using no heat for regenera¬ 
tion and for extremely low 
dew point. Low initial and op 
eratmg costs. See Bulletin 
HA 308 


PRODUCTS 


UNITIZED DRY-AIR 
SYSTEMS 

Completely packaged, ready- 
to-operate systems including 
compressor, dryer, accumula¬ 
tor, and instrumentation. See 
Bulletin CD-138. 


FILTERS 

Tiinity offers all types cf pre- 
tilters and afterfilters to 
meet specific requirements. 

ALSO THERMOWELLS, THER 
M0C0UPLES, AND SELF- 
SHEATHED THERMOCOUPLE 
ASSEMBLIES 


Ffrvri^Tu 


TRINITY EQUIPMENT CORPORATION, 

A Subcidiory of Poll Corporation 

CORTLAND, NEW YORK, U.S.A. 


Printed in USA 
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TYPE A HEAT-REACTIVATED DRYERS 

15 STANDARD MODELS WITH INDUSTRY’S WIDEST SELECTION OF OPTIONS 



TYPE A MIDGET DRYER 

Models 5. 10, and 25 

Wall mounted units for drying small 
flows of compressed gases in instru 
ment air, inert gas and purging 
systems Standard units supplied 
with outlet pressure gauge 

Unit %hown - Mod*! - OOOOOA 



TYPE A Models 52 to 252 DRYERS 

Floor mounted units designed to dry 
intermediate volumes of compressed 
air or gas for industrial and labora 
tory purposes Standard units are 
supplied with relief valves, chamber 
pressure gauges and thermometers, 
and purge flow indicator. 

Unit «ho«n - Model S2AE 1 000000 





TYPE A Models 302 to 877 DRYERS 

Large capacity to meet the ever- 
increasing needs of industry for sub¬ 
zero dewpoints in air or gases. Stand 
ard units supplied with relief valves, 
chamber pressure gauges and ther¬ 
mometers. and purge flow indicator. 

I 

Unit shown - Model 402AE7-OOOOOD 


TYPICAL FLOW CIRCUIT (Models 302AE & Larger) 


Wet gas enters the 4 v.ay inlet switching valve (A), passes up 
through the left d secant bed (B). through the stainless steel Clean 
able outlet filler (C). and nutlet check valve (D) to the diy gas outlet 

A small pmtion of dried gas passes through the purge throttling 
valve (Ej. pu’ge md'C’tor (f) o d purge ftp.-, onhee (G) which con¬ 
trols the flow rate f.‘-'teirrt pu'ge then passes through the right 
purge flow check v*t—* (H) up throur' ”o heate' tube (!) a»d ever 
the electric lieate' (I) Heated pujge ion enters the p'enum ,ve.i 
of the chamber (K) where it is dispersed downward through the 


wet desiccant bed in a direction countercurrent to the drying 
How The purge gas now carrying previously adsorbed moisture, 
ends to atmosphere through the 4 way and purge exhaust valve 
(l). Shortly bitore end of the cooling period the purge exhaust 
valve cli '.s ta repressurin' the reactivated chamber. Switchover 
takes place with both chambers at line pressure, eliminating desic¬ 
cant bed attrition, displacement o! switching valve lubricant and 
Ire su'gcs. The left chamber is then exhausted to atmosphere 
and its regeneration cycle initiated, while the fully regenerated 
right chamber dues gas at line pressure 


Diy pot outlet 














IMULPLL dtcLLUIfillN MimUi 


^ y l C0n,ains 0ur standard dr ver s ; «s as indicated in Table 2. The remaining 

f feJ, 7 k If ° P S W C ** mC,uded W ' th each model number Thus - °*** the P^°Per model number is 
selected, (based on operating conditions) a dryer can be chosen with all the options needed for your requirements 

C° mp lete des.g" flexibility is provided by selection of the type of dryer operation, regeneration method, electric NEMA 
c ass, NEMA cycle, e^ctncal input design pressure, instrumentation, alarms, and chamber insulation. An illustration 
of the procedure is shown below. 

While the chart offers a ready reference to the systems available on standard order. PTM dryer specialists are 
ready to work with you m developing the optimum equipment for your requirements ... and to custom engineer a 
system to fit. b 


Type A 
Meat ftejctiveted 
Orytr 


[CODE 

If i No 

(Symbol 

ar m 


_ TA BLE 1 __ 

DRYER OPERATION_ 

Automatic operation 
standard 

Manual operation. 

Heaters energized and 
Deenergized manually: all 
valves manually operated 
Manual override: Operation 
is automatic with override to 
permit manual switching only 
Semi automatic. Manual 
switching with automatic 
regeneration cycle. 

Heating, cooling and 
operation of all valves 
automatically controlled 
AMLOC “ Moisture Load 
Sensing Control. Automat 
•cally regulates drying cycle 
to suit demand placed on 
dr yer. F or steam units only 


1 r 12- 


TABLE 3 

REGENERATION METHOD 
Electric Heaters 
are standard 

Steam Heaters 300 psig 
design on steam side 


TABLE 4 
ELECTRICAL NEMA CLASS 
No Electric 
NEMA I 
NEMA IV 

NEMA VII. ClassTT 
Group D. Division 1 
NEMA XII 


TABLE 2 


MMA 
i y*a»i Cycit 

5 8 hr* 

10 8 hr\ 

25 8 hf% 

52 8 hr* 

102 8 hr* 

127 8 hr* 

152 8 hr* 1 

202 8 hr* 

25? 8 hr* 

30? 8 hr* 

402 8 hr* 

502 8 hr* 

G?7 8 hr* 

75? 8 hr* 

877 8 hr* 


electrical Input 


115v ,'60/1 
1 15 m /60/1 Not 
llSv/60/1 Available 

II5v <60/1 1I5V/60/1 
l!5v oO/l 115v .60/1 
llbv 60 1 USv./69/l 

6P 3 1 lb. . t i 
4C0v 60 3 llSv >60/1 
4t»Ov /60'3 llbv ;bJ / 1 

460v 60 fj llbv 60/1 
4»>Ov 60/3 llbv/60/1 
4o0v 60/3 llbv/60/1 

*•60v 60'3 llSv /60/l 
460v ,/tO 3 llbv .'60'1 
460v /60/3 ll5v/60'l 


SOI 

Connection 
(Inlet A Outlet! 


l‘,“ NPT 
1 NPF 
I NPI 

2" 150# »LC. 
2" 150# FIG 
2' 150# FIG 

3 1‘.0# FIG 
3“ 151# F LG 
3* 151 # FLG 


DIMENSIONS “- 

Weifht (Lbs) 

D.mtniioni (jfprei) 

Nrifllt Widtti Oeptft electric Steam Model 

IT 19" 8” 75 S 

IT 21" 8" 100 10 

35" 24* IIV4" 2 SO 25 


5 T 30" 20" 

73- 30- 20- 

89' 30" 20" 


430 410 52 
640 620 102 
750 720 127 


“ IS. II f,, ° p 50 

78 38" 27" 980 930 202 

_*>_38" 27- 1240 1 170 252 

68- 63" 27" 1750 1C40 302 

78 63' 27" 2080 1900 402 

89- _63” 27- 2330 2120 502 


88- _63” 77- 

74" 74- 33- 

82- 74- 33" 

90" 74" 33' 


» * ‘V 2 I DU. 

>00 17SO ' 6/7 
ISO 3150 I 75? 
>60 3560 I 877 


EXAMPLE 

To designate the desired dryer, the code numbers should be inserted in 
the proper ho»cs At the top of the chart. Therefore, Dryer Model 127 
could be 

* **'*_* ***** * * «**» 3 Tibia 4 Table S T»V (Table 7 Teble I Table • Table 10 

□ BSD 


This would be an lutomaticjlly operated model 127, steam heated, NEMA 
1 electricals, standard 8 hr NEMA cycle. 115v 60 1 electrical input, 
300 psi design, standard instrumentation (see Option 01 Table 8, plus 
the locally mounted Aquadei* Moisture Indicator, switching failure alarm 
with indicating light and dry contacts, and no insulation. 

All icrss following last optioa can be omitted. 
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ORDERING INFORMATION 

... fhjit is pattern coded because ol the many alternatives available. 

r ,.jfi number is selected from Table 2. the accompanying pat- 
.. . ~n identities the applicable options Thus, only options marked 
:*e same pattern code can be selected. For example, Model 127 
■' ( ., (d Thus, every option is available to this unit. 


Piitiltirs and alter titters to eliminate oil contamination and particulate 
r-v’rt sMuid be selected from bulletin E253. 


i 

1 ■ -- 

TABLE 5 


NEMACYCLE 

0 0 

Standard 
(see table 2) 

1 2 

12 hrs 

1 6 

16 hrs 

2 4 

24 hrs 


TABLE 6 


ESS 

ELECTRICAL INPUT 

0 0 

Standard 

5 6 

575v/60/3 

5 5 

575v/50/3 

4 6 

4G0v/60/3 

4 5 

460v/S0/3 

3 6 

380V/60/3 

3 5 

380v/50/3 

2 6 

230V/60/3 

2 5 

230V/50/3 

6 6 

230v/60/1 

b 5 

230v/50/l 

•1 S 

115v/50/l 


r 

TABLE 7 

CODE 

DESIGN PRESSURE 

0 

ISO psi design is 


standard 

3 

300 psi design 


Mill V 

* » moisture ntsi-c.itor provides a constant vnull ch*cK of 

* ' '• ii> «ii'ninli and satisfactory (Ttfchnnn4l operation of the 

•• • • • . ,»t.*» i,»»» f.t* cM.*•»»’s cl very easily without shutting cl.mn 

• »* > s*e ii s\,i\vi.ittblng unit from mounting bulletin MIJ2I 

C(ti|Kn.ttion 

• f vs as.tumjtu dryers only 


*' % *' * »*'• r.jnyji steam dyers only 

" >*• '• '.iti*1 dry,*is jnd eieCtnc units Model* 

' ' i.'-’At 4»jil.iuiy in (new vditJCfl on.y 

• S' '-is', i t t Tb. stan.l.ud equipment includes only locally 
••■■I Outlet I’U'Ssuti gauge * 

* * % <■ .'•» autemitu .wd term automjtic 




1 


ii 


i 

l 


CODE 

»0 


#A 

B 

~C~ 


m 

t" E 

|L_ 

**F 


1! 

fc! 


TABLE 8_ 

INSTRUMENTATION_ 

Locally mounted chamber 
pressure gages, ther¬ 
mometers and purge meter 

are standard__ 

Standard equipment 
(Code 0) plus the locally 
mounted Aquadex moisture 
indicator 

Same as "A" plus locally 
mounted inlet and outlet 
pressure gages 


Panel mounted chamber 
pressure gages, ther 
mometers, purge meter and 
tAquadex moisture indicator 
Same as "C" plus inlet and 

outlet pressure gages._ 

Same as ' C" plus operating 
sequence lites Includes 
cycie complete light lor 

semi automatic dryers _ 

Same as ”D" plus operating 
sequence lites Includes 
cycle complete light (or 

seini automatic dryers^_ 

Cycle complete light — lor 
sene automatic dryers only 


TABLE 9 


1 




I 

|t 

|| 

n 


CODE 

ALARMS AND CONTROLS 

0 

No alarms (Standard) 

"S 

Switching Failure with 
light and dry contacts 

H 

High Humidity with light 
and dry contacts 

V 

Heater element over 
temperature cut oil with 
indicating light and dry 
contacts 

. T 

Control to terminate heating 
period m the event of low 
water loading on the desiccant^ 


& 


r 

TABLE 10 

CODE 

CHAMBER INSULATION 

0 

No insulation (standard) 

w 

Chambers insulated and 
jacketed with weatherproot 
metal covering suitable lor 
outdoor use 

p 

Chambers fitted with guards 
(or personnel protection_ 
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EFF!CEENT-flUT0r.1ATIC-L0VV MAINTENANCE 

Heated type unit with upflew drying. Heating and cooling aro countercurrent with dry air parge to atmosphere Heaters are internal 
Partral coolrng ,s provided by radiation end convection. Unit, feature advanced design for Sximum drying^"fficiencv an7mtr«m 

». LTt',‘2” XT** "• <»«* 

Z5T-'■■■■•—* - *->- 


TYPICAL 

ELECTRICALLY HEATED 
DESICCANT CHAMBER 



FEATURES 

1. Counter-current preheated dry gas purge provides maxi¬ 
mum removal ef adsorbed moisture with minimum gas loss. * 

2. Unique finned heater tubes effectively conduct regen¬ 
eration heat throughout the entire desiccant bed and 
prevent localized hot spots and element damage common 
with imbedded type heaters. 

3. High efficiency Incoloy clad heater elements are 
furnished. 

4. Internal heaters are used to minimize heat loss. 

5. Heaters are nut in physical contact with desiccant, 
hence, a) May be serviced without disturbing the desic¬ 
cant bed. b) No desiccant breaking due to contact with 
high sheath temperatures, c) No possibility of ignition of 
oil-soaked desiccant. 

6. Adjustable thermo switches maintain proper bed tem¬ 
peratures. (Models 52 and larger) 

7. Standard on Models 302AE through 877AE are heaters 
electrically interlocked with the valve switching mechan¬ 
ism to prevent heaters from energizing in the event of 
switching failure This is independent of other alarms or 
interlocks which may be provided as optional equipment 

8. Repressurization circuit is included as standard equip 
ment. This allows raising the regenerated desiccant cham 
ber to full line pressure gradually before switchover 
which: a) Eliminates desiccant attrition by preventing bed 
movement, b) Prevents displacement of the switching 
valve lubricant by equalizing pressures across the valve 
during switching, c) Avoids line surges downstream of 
the dryer. 

9. Separate desiccani drain and fillports are provided as 
standard equipment on larger models. This a) Eliminates 
the need to disconnect the piping or wiring when rechai* 
mg the dryer b) Permits recharging without disturbing 
the electrical heating elements c) Automatically limits the 
bed height to guarantee plenum area necessary for a 
uniform inlet air flow profile through the desiccant bed 
and for proper purge gas dispersion. 

10. Removable stainless steel outlet filters are provided 
on models 302 and larger to prevent small particle carry 
over. These filters may be removed for cleaning without 
disturbing the desreeant bed. 

11. A stainless steel support is provided in each chamber 
to retain the desiccant and diffuse the inlet (low tor maxi 
mum bed utilization. 

12. Pressure gauges, temperature gauges, relief valves, 
a purge air indicator and pilot air filter are supplied as 
standard. (Models 52 and larger) 

13. Models 52 and larger are either U stamped or UM 
stamped in accordance with the requirements of the ASME 
UPV code. 

14. Special high tension electrical enclosure is provided 
on all dryers using voltages of 230 volts. 3 phase and over 
This box separates the high voltage from the control 
voltage. 

15. Standard units are designed to deliver dry gas with 
a -40'f dewpoint Dryers which produce a dewpoint as 
low as -100 f are also available. 
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TYPICAL 

INSTALLATION 


OIL CONTAMINATION ANO FILTRA¬ 
TION - A pretilter and an after- 
filter should be included with all 
dryer installations Desiccants 
should be protected (rom contami¬ 
nants such as oil. pipe scale, liquid 
water, foreign liquids, and dirt. 

PTM manufactures an exclusive 


pre-filter known as the REVERSE 
ULTIPOR filter which not only will 
remove 99% of all incident liquid 
oil but will also provide 98% re¬ 
moval of all solid contaminants 
larger than 0.04 microns! This 
represents a level of purity here- 
to (ore unobtainable 



lubricated compressor system 


OuTUT 

-40-r 

oc* POINT 






OPTION 


ult»bo« 9 rtiun 

—AO’f Pf A PO'NT 
OOOrt M'CPON NOMINAL 

MNfiClt »tMOvAl 


NON LUBE COMPRESSOR 


ounn 


-Nvi t nrw 

A*T|R COOU« 
W|T C'lt* 


0€* «0'NT 



OPTIONS 




ul'ifor « *rrf« »uun 

- 40 *» Of A PC NT 
l'Oi'S VRON VJM'NAl. 
PA»*<Lt RCMOVAL 

LATtPOR S5 *fT|R FttTfB 
COOl VrCRON NOMINAL 
PAHTiCtf »IMOvAl 


r 

n 

PALLMATIC* AUTOMATIC 

r r r7 r ^'T" t '-T^1 


DRAIN VALUE 

1,1 * r 


PTM now offers positive protection from flooding, often caused 
by faulty traps and sticking float valves. The Pallmatic Auto¬ 
matic Drain Valve is a compact, timer controlled solenoid oper¬ 
ated discharge unit, designed to handle the oil-water sludges 
collected in system filter housings, receivers and separators. 
For complete information, see PTM Bulletin DV350. 

i v 

i~ ■ 

*-»■ - 
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THE 


ffITO 

^dyjjytL 


The exclusive design of the Trinity Heot-Les Dryer offers 
so mony obvious advantages over the old-fashion heat- 
reacli voted types, tha' it is specified in more installations 
than any other type today. Whether you require dew- 
paints far below those available with other designs, or 
you want optimum dependability and lowest operating 
costs, or again, if you hove a limited budget for initial 
equipment—the Trinity Heat-les is the answer. 

Satisfied users of the Trinity Heat-les read like a blue 
book of industry . .. leading petroleum companies, chem¬ 
ical processing plants, power generating stations, elec¬ 


{'jji/tfes DRYER 


tronic components manufacturers, food packagers, tex¬ 
tile plants, in fact just about every industrial area requir¬ 
ing dry air or gas for instrumentation or processing is 
using and complimenting the Heat-les Dryer for its en¬ 
tirely new and better standards of performance and 
economy. 

In addition, some of the most extensive military pro¬ 
grams, including many of the operational missile pro¬ 
grams specify and use the Heat-les as a part of a Trinity 
Unitized Dry Air System. 


«—■* nr 


r\ 


OPERATIONAL ADVANTAGES 

inasmuch as the Trinity Heat-les Dryer employs no 
heaters, maintenance usually associated with these com- 
panents is entirely eliminated. Since no heat is used, 
desiccant life and efficiency is greatly increased through 
tha elimination of oil-vornishes forming on surface of 
desiccant particles. The Trinity Heat-les Dryer has a 
normal tendency to reject oil which enters with the incom¬ 
ing gas. While complete oil elimination is not always 
positive, many users have completely solved their oil 
problem by proper application of a Heat-les Dryer. The 
Heat-les Dryer is the dependobie, low-cost approach In 
the supply of super-dry gas or air. 


FEATURES 

Provides super dry air or gas with dewpoints 
below - 100'F. at line pressure. 

Completely eliminates costly electric or steam 
heaters 

No increase in temperature ot effluent gas 
Corrosion reduced due to *ow temperatures 
Lower installation costs 
Lower initial costs 

Lower operating and maintenance costs 











2HA281 

3HA2B1 

5HA2B1 

10HA2-B1 

25HA2B1 


Will Mounted 
150 PSI Design 
lecaNy Meo w ed 

Chamber Pressure tW |B 
Purge Flow lnt»ceto< 
Visual Moisture IwOcator 


All Trinity Hoat-let Dryers listed in the following tables 
are standard design, pre-engineered, production models 
available for fast delivery. Some of the more popular 
models are carried in stock for immediate delivery. 

In addition to the standard models offered, our Engineer¬ 
ing Staff can modify these standard units to meet your 
specific requirements. Consult your local Trinity Sales 
Representatives, or our main office for further informa¬ 
tion. 

Package "A" dryers include the basic minimum instru¬ 
mentation necessary for proper operation. Package "B** 
dryers include deluxe instrumentation for additional 
operational information. 


3SHA2B1 

thru 

1500HA2 81 


Reliet Valves 
Switching Future Menu 
It light I Dry Cawtictsl 
Fleet Meant** 

Chamber Pressure Gauges 
Purs; Flew InOcator 
Visual Moisture IwOcats' 


Model 3SHU is not code stamped 
Electrics! Requirement! US noltl. 60 cycle. 

cycles availaolo on application). 

Power Consumption: 7S watts tapproi). 


CCPTM 




ibCJhA - , 3 15l'~ fl| 


,; A = net output of dry air (SCFM) 
“j = purge rat* (SCFM) 

T — cycle tune (minutes) 


U = chamber eelocity (ft per minute) 


l = or discharged to atmosphere each time chamber n 
dumped (SCFM) (based upon empty chamber) 


1.-5 

SJ 

3.56 

US 

7.4 

225 

11 

460 

19 

650 

30 

990 

43 

1235 

53 

1720 


Cycle T 
! matures) 

F 

2 


1 


4 



"A 

Dryer No. 

" PACKAGES 

Footuros 

2HA2-A1 

3HA2-A1 

5HA2-A1 

1 OH A2A 1 
25HA2A1 

Wall Mounted 

150 PSI Design 

locally Mounted 

Chamber Pressure Gauges 

r 

35HA2A1 

thru 

1500HA2A1 

Floor Mounted 

150 PSI Design 
(ASME Code Stampl* 

Purge Eihaust Muffler 

Relief Valves 
lecally Mounted: 

Chamber Pressure Gauges 
Purge Flow Indicator 








i 



200HA 


-* Gauges 

-3tOf 

indicator 


! Gauges 
-Itor 
•ndicator 


HOW TO ORDER 

The accompanying information may be used in 
•he selection of the proper Heat-les P ' y *'' 
local Trinity representative if available to ass.st 
you in this. These men are trained to sue and 
recommend the proper dryer for your require- 
ments. They will consult with you make. "com¬ 
mendations, present costs, and will aid you .n the 
installation and operation of your Trinity Heat- 
Les Dryer. 

When ordering by standard model "•""ber, >t 
is recommended that you include the following 
information: 

1. Typevf gas being dried. 

2. Inlet f.ow (SCFM) 

3. Volume of useable dry air or gas (SCFM) 

4. Temperature of air or gas to be dried- 

5. Pressure of gas or air to be dried. 

6. Operating voltage-cycles- 


I "Fockofe" Moment latun: 

Y T ~ T c-Nemo Typt flat. End 

1-- Pockope Typa 

1 _Cyda Tima (Minutes) 

_Heat-Let Model 

____ Dryer Size 

mendations. 


j) must not eiceed 50 tt mm 
-i it necessaryl 


sed to ulculatf the manmurn 
. dryer is not operating at its 
■n the minimum chamber loss 


- reduced, the purge rate may 
, formula *3 


•the above outlet (lows reflect all losses U.e. Purge and chamber dump) 


, * 3 When dewpoint requirements are not severe, the purge 

Checks) so that the stabilized conditions are reflected in the 
results 

rvi gtniC. 

Problem: Select proper dryer and determine d.y air ootpot it 

Inlet flow — 190 SCF M 

LWrcuia. 1 .""type package 

f.torn capacity chart it will be noted that a dryer size 150 HA 
is required 

2 Determine cycle time: 

.. I25*U7 .. 


t — 30 » 2 084 x 9.5 _ j j minults (mai time cycle) 

1 — " 190 

[Note: available standard cycles ate 2.3, or 4 minutes) 
Therefore, select 3 mm. cycle 
3 Determine dry air output 

1.1 x 190 CCFM 
Purge rate: V 3 --: —| j— - 

2 1 2 084 (9.5-1) _ n i ctfm 
C hamber dump l --j 

Dry air output: 

V 2 = 190-118 - 0.833 x 22= 160SCTM 
The required dryer package would be 150 HA3 A4 

sa s aasg gg 

Stasis SWSTM 

line ol filters 
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...HOW IT OPERATES 


THEORY OF OPERATION 

Heat-les Dryers utilize the natural tendency of 
desicconts to come into equilibrium with their sur¬ 
roundings. During the drying cycle, the desiccant 
adsorbs moisture from the incoming gas stream. 
During the reactivation cycle, a small portion of 
the super-dry gas is passed over the desiccant al 
atmospheric pressure, creating an environment 
in which the desiccant must give up the previously 
adsorbed moisture to reach equilibrium. 

ACTUAL OPERATION 

As shown in the above flow diagrams, the Heat- 
les Dryer cycles between two desiccant chambers, 


one serving as a drying medium, while the other 
is undergoing a reactivation process. The dia¬ 
gram at left shows the wet gas entering at the 
bottom of the left-hand chamber, passing upward 
through the desiccant where if is dried to an ex¬ 
tremely low dewpoint. The dry air passes through 
the check valve to the dry air outlet. Simulta¬ 
neously, a small percentage of the dry gas is ex¬ 
panded through the orifice between the chambers, 
and flows down through the right-hand chumber, 
reactivating the desiccant, and passing out 
through the purge exhaust. At the end of the cycle, 
the chambers are automatically reversed, the 
right-hand chamber serving as the drying me¬ 
dium, while the left-hand chamber is being re¬ 
activated, as shown in the diagram at right. 


The following diagram, illustrate how the reactivation of a Heat-les dryer progresses from initially 
saturated beds (represented by 16 mm vapor pressure) to the conditions represented by the fmal 
illustration, wherein the major portion of each bed is super-dry and thus capable of producing super- 


5 















mm 


UNITIZED DRY-AIR SYSTEMS 

Incorporating the Czsf-ks DRYER 


Trinity also designs and manufactures complete, Unitiied Dry Air 
Systems for the commercial and military user in a wide rtr^ge of 
capacities and pressures. The heart of these systems is a Trinity 
Heat-Les Dryer, thus offering the user all the inherent advantages 
of the Heat-les design, including very low dewpoints, minimum 
operating costs, and low initial costs. These systems are offered to 
users who do not have existing or sufficient air supplies. Trinity 
Unitized Dry Air Systems are completely assembled, ready-fo- 
operate systems with matched components consisting of com¬ 
pressor, accumulator, Heat-les Dryer, filters, controls, and 
instrumentation. 


r * 0 O 
0 


OTHER 


Type A Dryers 

Atmospheric regeneration 
type dryers employing elec¬ 
tric or steam heat reactiva 
ton See Bulletin A 309 


type AB Dryers 

Atmospheric blower type 
dryers employing electric or 
steam heat reactivation. See 
Bulletin AB 310 


PRODUCTS 


Thermowells 

Protective wells for heat¬ 
sensing instruments includ¬ 
ing thermocouples, filled 
systems, bi-metallic ther¬ 
mometer's and test instru¬ 
ments See Bulletins TT-301, 
TT 302, TT 303, TT305, TT 
304, n 307 


Filters 

A complete line of mechani¬ 
cal filters and oil vapor ad 
sorbers. See Bulletins f P-311, 
FA 312, FM 313, FC 314, FD- 
315, FK 316. 


-•ffirf- -v 


Thermocouples 

All types of thermocouples 
and thermocouple assemblies 
including miniaturized self- 
sheathed. See Bulletins TT- 
306, TT-317 


_ . _ t -«. « i*n I «tA s 4 
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TYPE HA 


DRYERS 


FEATURES 

• Provides super dry air or gas with dewpoints as 
low as -100°F at line pressure. 

• Eliminates ... the need tor costly heaters with 
controls ... avoids subsequent burnouts and 
leakage. 

• Negligible increase in temperature of effluent 
gas. 

• Corrosion reduced due to low temperature oper¬ 
ation and reactivation. 

• Adjustable purge rate.. reduces gas con¬ 
sumption when dryer is not being operated at 
full rated capacity. 

• Desiccant capacity maintained moisture is 
removed from desiccant by counter-current low 
temperature dry purge gas avoiding desiccant 
degradation caused by high temperature reacti¬ 
vation Low temperature reactivation prevents 
the formation of oil varnish coatings on desic¬ 
cant beads .. thus maintaining desiccant ad¬ 
sorptive efficiency. 

• Repressurizing feature. Chamber pressure equal¬ 
ized before switchover to prevent desiccant 
breakup and downstream line surges. 

• Fail safe design. Both chambers automatically 
adjust and continue to deliver low dewpoint air 
or gas long after electric power failure. 

• A stainless steel support is provided in each 
chamber to retain the desiccant and diffuse the 
inlet flow for maximum bed utilization. 

• Separate desiccant drain and fill ports are pro¬ 
vided as standard equipment on models 51 and 
larger. This: 

a) eliminates the need to disconnect piping 
when recharging the dryer. 

b) automatically limits the bed height to guar¬ 
antee the plenum area necessary for a uni¬ 
form inlet flow profile thru the desiccant 
bed, and assuring proper dispersion of the 
purge gas. 

• Equipped with 40 micron stainless steel pilot air 
filters ... assures trouble-free, automatic oper¬ 
ation by protecting control valves. 

• Ideally suited for intermittent duty since ex¬ 
tended reactivation period is not required. 

• Dewpoint and capacity not affected by wide 
fluctuations in inlet temperature. 

• Models 301 and larger include cleanable stain¬ 
less steel outlet filters on each chamber pre 
venting desiccant bead carryover. Filters may 
be removed tor cleaning without disturbing the 
desiccant bed. 

• All desiccant chambers are ASME designed 
Models 51 and larger are U stamped or UM 
stamped in accordance with the requirements of 
the UPV code. 

• Lower initial, installation, operating and main¬ 
tenance costs. 


Internstlonil CcpyrigM © 1964 Pull Corporation 


The original Heat-Les dryer using adsorbents to produce super-dry 
gases or air. Dewpoints of -40° are easily obtained as well as dew¬ 
points of —1C0 8 F or lower... far below those available with other 
designs. Regeneration of the desiccant is automatic . .. no heaters 
are involved. Drying is continuous in the up-flow direction with 
down-flow purge exhausting to atmosphere. The PTM Heat-Les 
dryer assures dependable and ECONOMICAL operation. 



Type HA Models 2 to 25 
Wall Mounted Dryers 

For drying small flows from 1.5 SCFM 
of compressed air or gases at up to 150 PSI. 
Higher pressure units available. Standard units 
provided with chamber pressure gages. 

Unit shown, Model 25HA-1-0000F0 





Type HA Models 35 to 201 
Floor Mounted Dryers 

Designed to dry intermediate volumes from 
34 SCFM of compressed air or gas at up to 
150 PSI. Higher pressure units available. 
Standard units provided with exhaust muffler, 
relief vaives and locally mounted chamber 
pressure gages and purge flow indicator. 

Unit shown, Model 151HA-4-OOOOCS 





Type HA Models 301 to 3001 
Floor Mounted Dryers 



Designed to handle flows from 255 SCFM 
and up. Units available for pressures up to and 
including 10,000 PSI. Standard units provided 
with exhaust muffler, relief valves, and 
locally mounted chamber pressure gages 
and purge flow indicator. 

Unit shown, Model 401HA-1000CS 
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REFERENCE CHART 


> 


Pr0Vid6S data ° n Standard models as we " as °P tions " hich on be selected for 
, ? Pr ° Per S ' 2e Uni * iS Se ' eCted ff0m Table 1 (based on °P^tmg conditions) various options can be 

*?"“* y° ur P^'cular requirements. By selecting Electrical Nema Class. Nema Cycle. Electrical Input, Design 
Pressure, Instrumentation, and Alarms, specified design can be obtained. An illustration of the procedure is shown below 
in .J-w a nT* f ? d * l,ver ’ es ' a " standard units are Pie engineered production models; with the more popular ones carried 
?? parts ? ’ e also ^rehoused at the factory, assuring quick delivery when optional features are added to 
^ *' S , A " U "' ,S are pretes,ed a* the factory and quality controlled prior to shipment. Dryers are shipped 
pre-charged with desic.-ant so they are ready to operate after simple installation. 

. S Ur ? putatl °" ,or pro< tucing the finest adsorptive dryers available is based on an engineering approach to design 
nd manufBcture. A world wide network of PTM trained field representatives and a staff of factory engineers are on call 
to be of assistance in solving unusual dryer problems. 


TW 


TABLE 1 


Type HA 
Heat Les 
Dryer 


MODEL 

NO. 

STANDARD 
NEMA CYCLE 

STANDARD 

ELECTRICAL 

INPUT 

3 2 

10 min. 

llOv/60/1 

5 

10 min. 

110v/60/l 

10 

10 min. 

HOv/60/1 

25 

10 min. 

110v/60/l 

’ 35 

10 min. 

llOv/60/1 

51 

10 min. 

11Ox/60/1 

101 

10 min. 

llOv/60/1 

151 

10 min. 

llOv/60/1 

201 

10 min. 

llOv/60/1 

301 

10 min. 

llOv/60/1 

401 

10 min. 

1 lOv, 60/1 

501 

10 min. 

llOv/60/1 

626 

10 min. 

llOv/60/1 

r 751 

10 mm. 

llOv/60/1 

876 

10 min. 

llOv/60/1 

1001 

10 min. 

llOv/60/1 

1251 

10 min. 

llOv/60/1 

1501 

10 min. 

1 lOv/60/1 

1751 

10 min. 

iiov/eo/i 

2001 

10 min. 

110v/60/l 

2251 

10 min. 

li0v/60/l 

2501 

10 min. 

llOv/60 1 

2750 

10 min. 

llOv 60'1 

3001 

10 min. 

llQv/60/1 


TABLE 2 


COOE 

ELECTRICAL NEMA CUSS 

1 

Nema I 

4 

Nema IV 

7 

Nema VII, Class 1. 
Group D 

12 

Nema XII 


TABLE 3 


a 


CODE 

NEMA Cycle 

0 

Standard 

4 

4 min. 


TABLE 4 


CODE 

ELECTRICAL INPUT 

0 0 

Standard 

6 6 

220v/60/l 

6 5 

220v/50/l 

6 2 

22GV/25/1 

1 5 

1lOv/50/1 

1 2 

llOv/25/1 


r 


t. 


n 


TABLE 5 


CODE 


DESIGN PRESSURE 


150 PSIG Design 
is Standard 


250 PSIG Design 


ORDERING INFORMATION 

The chart has been color coded in 3 an( j p" j because of the 
alternatives available. Once the model number is selected, the color 
code in table 1 indicates the choices. Only options covered by the 
same color can be selected. 

For instance, Model 2 is color coded J. Therefore every option 
is available except instrumentation codes, A, B, C, 0, Table 6 and 
Alarm codes S and H Table 7. Prefilters and Afterfilters to eliminate 
oil and particle contamination should be selected from E25A Selection 
Guide, pages 5, 6, 8 and IS. 

NOTES: 

1. Models 2 through 25 include chamber pressure gauges but do not 
include "Purge Flow Indicator" as standard. See Options E. F G. 

2. AQUADEX' moisture indicator provides a constant visual check of 
satisfactory dewpoints and satisfactory mechanical operation of 
the dryer. Oesiccant can be changed very easily without shutting 
down operation or disassembling the unit from mounting See 
bulletin MI-321. 


300 PSIG Design 


I 

| 

LJ 



TABLE 6 

COOE 

INSTRUMENTATION 

0 

Locally mounted chamber 
pressure gages and purge 
flow indicator. See Note 1 

A 

Code “0" instrumentation 
plus the locally mounted 
Aquadex moisture 
indicator. See Note 2 

B 

Code "A" instrumentation 
plus locally mounted 
inlet and outlet 
pressure gages 

C 

Panel mounted chamber 
pressure gages, purge 
flow indicator and the 
Aquadex moisture 
indicator 

D 

Code "C" instrumentation 
plus Inlet and outlet 
pressure gages 

E 

Code “O” instrumentation 
plus purge flow indicator 

F 

Code "0" instrumentation 
plus the locally mounted 
Aquadex moisture 
indicator only 

G 

Code "0" instrumentation 
plus purge flow indicator 
and the locally mounted 
Aquadex moisture 
indicator 


1 

TABLE 7 

CODE 

Alarms 

0 

No alarms 

S 

Switching failure with 
light and dry contacts 

H 

High humidity with 
light and dry contacts 


EXAMPLE 

To designate the desired dryer, the code numbers should be inserted 
in the proper boxes at the top of the chart. Therefore; 

T«*lt 1 Trtlt 2 T ltH ) T»l« 4 Title S Title • Title T 

BIDCM]-® EjD DO S □ 

would be a Model 151 unit, Heat-I.es dryer with NEMA I electricals, 
Standard NEMA cycle of 10 minutes Standard Electrical input of 110 
volts/60/ 1, 150 psig design. Instrumentation is: locally mounted 
chamber pressure gages, purge flow indicator, and the locally mounted 
Aquadex moisture indicator, no alarms. 

All zeros following last option can be omitted. 


Tt.M Mil COneOMTION 
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OIL CONTAMINATION AND FILTRATION 


A pre-filter and an after-filter should be included with all 
dryer installations. Desiccants should be protected from 
contaminants such as oil, pipe scale, liquid water, foreign 
liquids and dirt. Although PTM Heat-Les Dryers have a 
tendency to reject oil entering with the incoming gas, com¬ 
plete oil elimination is not positive and may appear in the 
effluent. Oil in vaoor form will be rejected by the dryer but oil 
mist will settle on the desiccant causing its degradation and 
will be swept on downstream. 

PTM manufactures a complete line of fine filtration equip¬ 
ment as well as all types of dryers. A result of this experience 
is development of an exclusive pre-filter known as the RE¬ 


VERSE ULTIPOR* filter which not only will remove99% of all 
incident liquid-oil but will also provide 98% removal of all 
solid contaminants larger than 0.04 microns! This represents 
a level of purity heretofore unavailable without using more 
costly equipment. This equipment permits reliable, low cost 
oil-lubricated compressors to be used for most applications 
that have previously been restricted to the oil-less type. PTM 
has also developed special after-filters known as the Epocel 
filter or the standard Ultipor filter. Levels of purity obtained 
are shown in the flow diagrams. A combination activated 
carbon-Ultipor filter known as the Petrosorb* filter can be in¬ 
stalled downstream of the dryer as an alternate providing 
quantitative removal of hydrocarbons exclusive of methane. 


NON LUBE COMPRESSOR SYSTEM 


REVERSE 

ULTIPOR PREFILTER 


INLET FROM 
AFTER COOLER 
WET DIRTY 



OUTLET -AO’F OCW POINT 
AT LINE PRESSURE 
0 07 MICRON NOMINAL 
PARTICLE REMOVAL 





REMOVAL OF Y 

LIOUIO I 
PARTICLES 


OPTIONS 

ULTIPOR 9 AFTER FILTER 
—40*F DEW POINT 
0 008 MICRON NOMINAL 
PARTICLE REMOVAL 

ULTIPOR IS AFTER FILTER 
0 001 MICRON NOMINAL 
PARTICLE REMOVAL 
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HIGHEST PERFORMANCE AT LOWEST INITIAL, INSTALLATION AND 

OPERATING COSTS 

PTM HEAT-LES DRYERS have dramatically expanded the use of desiccant dryers for many industrial requirements. Drying 
without heat, by means of a unique method of regeneration, has created wide demand for PTM Heat-Les units in drying 
instrument air, process gases, blanket gas, communications system purging and many other applications. 

Having pioneered the development of this system in 1957, PTM Corporation (formerly Trinity Equipment Corporation) 
has placed over 3,000 Heat-Les Dryers in service throughout the world. A planned program of research enp/neering, steadily 
improving the original designs, has made the PTM Heat-Les Dryer an industry standard for performance and economy. 


o*y aii ocm.Fr 



THEORY OF OPERATION — Heat-Les Dryers utilize the natural tendency of desiccants to come into 
equilibrium with their surroundings. During the drying cycle, the desiccant adsorbs moisture from the incoming gas stream. 
During the reactivation cycle, a small portion of the super-dry gas is passed over the desiccant at atmospheric pressure, 
creating an environment in which the desiccant must give up the previously adsorbed moisture to reach equilibrium. 

ACTUAL OPERATION —As shown in the above flow diagrams, the Heat-Les Dryer cycles between two 
desiccant chambers, one serving as a drying medium, while the other is undergoing a reactivation process. The diagram 
at left shows the wet gas entering at the bottom of the left-hand chamber, passing upward through the desiccant where it 
is dried to an extremely low dev/point. The dry air passes through the check valve to the dry air outlet. Simultaneously, a 
small percentage of the dry gas is expanded through the orifice between the chambers, and flows down through the right-hand 
chamber, reactivating the desiccant, and passing out through the purge exhaust. At the end of the cycle, the chambers are 
automatically reversed, the right-hand chamber serving as the drying medium, while the left-hand chamber is being 
reactivated, as shown in the diagram at right. 

The following diagrams illustrate how the reactivation of a Heat-Les Dryer progresses from initially saturated beds 
(represented by 16 mm vapor pressure) to the conditions represented by the final illustration, wherein the major portion 
of each bed is super-dry and thus capable of producing super-dry gas. 



I 
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TYPE HV VACUUM 
REGENERATION DRYER 




TYPE A HEAT 
REACTIVATED DRYERS 


TYPE AB DRYERS 


a. \ ~i 
! . ~f 


I .- J 


T. % V:5 »si 

1‘jtJ tin 

^ 1 

aw'VT 

^ HX AUTOMATIC DRYER , / 


OIL REMOVAL SYSTEMS 


CTu* i 

*J I_V l i 1 

1 l <7 


= 

EMS <r-r — 

. £$ '*\ 

UNITIZED DRY-AIR SYSTEMS 


| THERMOCOUPLES 


OTHER 

PALL TRINITY MICRO 

ENGINEERED 

EQUIPMENT 

FOR THE CONTROL OF 
FLUIDS AND ENVIRONMENTS. 

TYPE HV Heat Les VACUUM REGENERATION DRYER to reduce purge 
air requirements. TYPE A DRYERS Atmospheric regeneration type 
dryers employing electric or steam heat reactivation. TYPE AB 
DRYERS Blower type dryer with no purge consumption for use in 
large flow or critical gas applications and with highly fluctuating 
flows. HIGH PRESSURE DRYERS PTM has designed and built nany 
Heat-Les and Heat Regenerated high pressure dryers for gases to 
8000 SCFM and 10.000 PSIG for specific military and commercial 
applications. Special dryers for liquid drying, gas purification and 
separation can also be furnished. HX AUTOMATIC DRYER Superior 
to previously available dryers because of higher thermodynamic 
efficiency resulting from exclusively designed heat transfer members. 
Contains the DRYATROL' Control, which is a self-contained valve- 
timer module, pneumatically controlled, performing all timing and 
airflow functions, ideal for remote or hazardous locations since no 
electrical connections are required. Unit is explosion-proof. OIL 
REMOVAL SYSTEMS Full line of filtration equipment which when 
used with PVM Dryers can produce effluents of less than 0.1 ppm 
hydrocarbons, exclusive of methane. Submicron removal ratings are 
achieved UNITIZED DRY-AIR SYSTEMS Completely packaged, ready 
to-operate systems including compressor, dryer, accumulator, and 
instrumentation. FILTERS FTM offers the widest range of cartridges 
and assemblies for every filtration requirement. THERMOWELLS 
Protective wells for heat-sensing instruments including thermo¬ 
couples, filled systems, bi-metallic thermometers and test instru¬ 
ments. THERMOCOUPLES All types of thermocouples and thermo¬ 
couple assemblies including miniaturized self-sheathed. 


SALES 

AGENTS 




.... 


— 

, i 

Albuouerque 

Chicago 

Indianapolis 

Paducah 

Tulsa 


Atlanta 

Baltimore 

Baton Rouge 

Cincinnati 

Cleveland 

Davenport 

Kansas City 
Kingsport 

Knoxville 

Philadelphia 

Phoerua 

Pittsburgh 

CANADA 

ENGLAND 

• 1 

Girm.ngham 

Denver 

Los Angeles 

Portland 

VENEZUELA 


Bo-;ton 

Detroit 

Milwaukee 

Richmond 

JAPAN 

1 

Buffalo 

' 1 Paso 

Minneapolis 

San Francisco 

ITALY 

i 


Fort Lauderdale 

Mobile 

Seattle 

ISRAEL 

i 


Hamden 

New York 

St. Louis 

GREECE 

I 

Charlotte 

Houston 

Omaha 

Syracuse 

PUERTO RICO 



' V PALI CORPORATION 


_ Pall Trinity Micro corporation 

pall) A SUBSIDIARY OF PALL CORPORATION 

■' CORTLAND. NCW YORK 13046, U S A. • (607) SK 6 7535 • TWX 607 371 1266 • CABLE: TRINCORT 


•HD IN USA 


10KK64 
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PLAINTIFF’S EXHIBIT 9 

Those portions of Kahn Affidavit, filed June 27, 1968, 
designated Exhibit 120 and Exhibit 121. 
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KAHN HEATLESS DESICCANT AIR DRVERS 


Reactivated without heat 

Check Ihete advantages: 

* Colt nlxll •* Iaitillitiii ul 
maiattiiaci. 

• Stu* a*4 tltdric Milan alia!- 
•alal... raVwiaf ■tility catlt. 

• Caaitaat aatlat [at tiapaiatwai. 

* Dylaalaa fraaliif aliaiMtaA. 


It’* 

KAHN DRYERS 

all the way ... 



Kahn ha* a complete line of electric or steam regeneration 
dryer*-automatic, semi-automatic or manual operative. 
Operating pressures up to 5,000 psi. 

Write for complete information. 

- <& — 

Ml WINDSOR II., Mft • 
MARTI MR I, CRUM. 



This Kahn advertisement appears in the November 1957 issues of 
Chemical Engineering Progress and Instruntrrm and Automation; 
also scheduled to appear in the above publications and Compressed Air, 
January through October, 1958 
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..-i'ico?«vcs.-*CNO«;*fwt . 


<AHN <?-• COMPANY. INC. 

t’.cC V »•' ^ - w ’ ‘ M 
Ai-L. Si'i J r < * A • ^*2___ 

~LJi I 'S. 'cJL .15 S D .€ X V D T5A V I”-< 

t • * . - •• -- 


|4l tt i r ***T 

MARf'O^U t, CONN. 

KMONJ «.*•»»*>. 


Nevinriber 11 , QS i 


•«i*. »cc«*. 


ri r ik . ■« ,rr.;* U "Clidal Esg^aartn" »v>i‘~n*<rx~o-is •** 

Arc-rT*srosktr.*, y<n will ec x*^d <;costttna abcot ieererless 

to /d 

paiit, V* irf4K*ii.x. *a*.a H»i«o4ly»«*ior. aWd 

.•\cl‘P y •' '.v 

le . v d,*y«l# prlnAriiv 4 «^v.-.. 4 o^. pr«*x?4 *p ? ttca*cna, 

' V,i V. At tMi p:l«i WO .V *,C *»”.*«■ it peawic.* ^ to* pro.«u» 

; nr, TV* or is b«a«?i -*• prlrci ? ;c i>*« .1st do*.5Cfc.J 
/,v., >"• -,v , r La ^y.sicro a .tro>* *< *'r, irttV It I->£««•- 

T *orrc^*J ■< <*»> %ir retire* r*sttt* ?ccrw.<« ^ «•£** J* 

. ' r t -i- < » r a,ieraleeMwei. Tie >ro*is*:l., * f7 raxlraaio*7^iV. of tw 
l\c.-U", air Iwrld be x«v^Tt=d fcr ? a»^x 4 st 13C p»i; -U.e at 5w00 pst, 

lr,a. t. v «i a !?«.;•,ist: :< tti i* roedod, 

fc 0,« ecrverf. :al resettle* system. xbc natMaxo W drive* c«by 
„ ini U -AO i.i*b pressure, far rettasfi girai. *wc, w« taurd It *wt 

IS*, \ZclUl, >ut raxy etflcl*.*. to elirsir** *&. W "** tt' »*« 

*rlgirx.l n /^tc.r «re devised. 

Tre **>-«*»! ce*e*?ta halved at® qrfi*. comply arJ wed rot be tat® 

by rnwii ^ prospect, a*er all. 1. ****** «* xo.alt. only. 

T*«o Av-wir;cecs are 9 »artU a g - «» beaters, aa explosion b.rxrd, extremely 
•Irr.plc rr.o.;Vu*.tl*w., roiared cost, 

- n % .^ 4 .-HAe^er.t» 4 lo>uli Jcl 7 e you ov.ronui ls%%irles| ia all eases, get * 
r r .r.. * -Xit« csnpleteA. a. we wwW r.»» tc bare a kernes, tt.it 
Tiled ebere it is af order* 

Very truly yours, 

EAK2J AND COMP ANT, XNCT' ~ * - 


Irirlag t. Katoi 
President 




RETYPED COPY 
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INTER-OFFICE CORRESPONDENCE 


EXHIBIT 121 


KAHN & COMPANY, INC. 541 Windsor Street 

ELECTRONIC EQUIPMENT Hartford 1, Conn 

PHONE CHapel 6 ?■ 

TO_ ALL REPRESENTATIVES _ DATE Noveml 1 ’ , ' ,$] 

ATTENTION OF__REF. YOURS _ 

SUBJECT HEATERLESS DEHYDRATION 


With the advertising in "Chemical Engineering" and "Instruments and 
Automation" breaking, you will be asked questions about our heaterless 
dehydration. 

At this point, the following information, while admittedly meager, should 
help you. 

Heaterless dehydration is primarily advantageous in high pressure applications 
1500 psi and up. At this point we do not believe it practical on low pressure 
instrument air. This dryer is based on the principle that moist desiccant 
tends to give up its moisture to a stream of dry air, with which it is purged. 
The percentage of dry air required for purging decreases very rapidly as 
the operating pressure increases. Theoretically, approximately 15% of the 
incoming air would be required for purging at 100 psi; while at 5000 psi, 
less than a fraction of 1% is needed. 

In the conventional reactivation system, the mositure is driven out by heat 
pins purge. In the high pressure, for reasons given above, we found it not 
only practical, but very efficient, to eliminate the heat with the rather 
original system we devised. 

The theoretical concepts involved are quite complex and need not be gone into 
by you with the prospect, who, after all, is interested in results only. 

The advantages are startling — no heaters, no explosion hazard, extremely 
simple mechanism, reduced cost. 

The advertisements should give you numerous inquiries; in all cases, get a 
questionnaire completed, as we would not want to have a heaterless unit 
applied where it is out of order. 


Very truly yours, 

KAHN AND COMPANY, INC. 


ILK/tj 


Irving L. Kahn 
President 


RETYPED COPY 





Plaintiff's Answers to Defendants' First 
Set of Interrogatories, pp. 9, 15-17 
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Answer 10. 

Country 

Scr. No. 

Filinr Dote 

Pat. No. 

Granted Dote 

Argentina 

167,190 

3/21/61 

130,588 

10/17/62 

Belgium 

471,014 

7/11/60 

592,854 

7/29/0O 

Canada 

753,688 

6/20/58 

647,868 

9/4/62 

Colombia 

71,937 

4/20/61 

10,771 

12/28/61 

France 

Germany 

769,637 

E16071 

7/4/58 

6/30/58 

1,207,699 

9/7/59 

Pending 

Gr. Britain 

19812/58 

6/20/58 

850,443 

1/25/61 

Greece 

Japan 

. 26,902 

18852/58 

4/10/63 

7/5/58 

26,595 

9/1/64 

On appeal 
from opposit! 

Japan 

Libya 

35528/60 

812/212 

8/15/60 

11/23/61 

318,101 

3/15/66 

Pending 

Malaya 

6/1962 

1/17/62 

6/1962 

1/23/62 

Netherlands 

229,316 

7/4/58 

112,691 

3/16/66 

Spain 

265,446 

3/7/61 

265,446 

6/17/61 

Switzerland 

61,394 

7/4/58 

409,875 

3/31/66 

Venezuela 

- 

3/17/61 

13,555 

10/17/63 


No 

art was cited 

by the Patent 

Offices in all 


countries where this case was filed with the following exceptions 

Germany ; 


Gr. Britain : 
Netherlands: 


German Patents 

520,709 

546,138 

846,095 

871,886 

882,541 

891,837 

970,223 

Swiss Potent 

212,189 

"Brennstoff- 

Chemie" 

1954, p. 329 

British 

677,150 

German 

970,223 

British 

582,045 

German 

882,541 

U.S. 

2,747,681 

ft'_ nn/ 

German 

871,886 
2,699,837 

US. 


"Chemie T.ng Tcchnik", Vol. 25 (1953). PP. 

144-140 and v'oi. 2o 
/lQ'iHl uu. 75-0l. 


or 
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the date of termination, if any, cn(1 the P cr - on signing the 
license and the licensee, together with the attorneys that 
handled the license for plaintiff. ; 


AEI-Birlcc Limited 
33 , Grosvenor Place 
London, S.W. 1, England 
Date of License: July 1, 
P. F. Hancock 
Esso - J. K. Small 


; 


1964 


Aoplicd Pneumatics, Inc. 

7^0 Colfax Avenue 

Kenilworth, New Jersey 

Date of License: July 12, I960 

Terminated and replaced by agreement 

dated August 24, 1961 . Latter license 

in turn terminated April 16, 1962. 

Robert C. Axt, President 

Esso - P. H. Smolka 


Dcltech Engineering, Inc. 

1226 Dargue Road 

New Castle, Delaware 

Date of License: February 1, 

H. 0. Neukomm, President 

Esso - R. I. Pearlman 


1967 


Dielectric Products Engineering Company, Inc 

Raymond, Main - 

Date of License: January 15, 1962 

Joseph Kinney, Jr., Vice President 

Esso - R. D. Kanahan 


Droogtechniek + Luchtbehandeling N.V. 

Nieuw Mathcnesserstraat 39 

P.O. Box 6047 

Rotterdam 7 

The Netherlands 

Date of License: October 1, 1967 
Ir P.G. Cazemier, Joint Managing Director 
Esso - R. I. Pearlman 


Dryvent Limited 
Hollygrovc House 
Staines Road, Hounslow 
Middlesex, England 

Date of License: September 1, 1964 
C. Potts, Managing Director 
Esso - R. I. Pearlman 

Gas Atmospheres, Inc. 

5353 West lolst Street 

Cleveland, Ohio 44142 

Date of License: January 1, 1967 

W. H. Boyd, President 

Esso - R. I. Pearlman 
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Gf.s Dryinc, Inc. 

Box 56 

Summit, New Jersey 

Date of License: June 1, 1959 

Date of Termination: January 1, 1967 

Dayrel G. Hoke, Vice President 

Esso - L. A. Strimbeck 

General Metals Corporation 
4223 Monticello Boulevard 
Cleveland, Ohio 44121 
Date of License: January 1, 1966 
R. A. Swanson, Vice President 
Esso - R. I. Pearlman 

Gilbert & Barker Manufacturing Company 
West Springfield, Massachusetts 
Date of License: April 1, 1962 
Irving C. Jacobs, President 
Esso - R. D. Manahan 

Cie Gohin-Poulenc 

11/13 av. A. Netter 

Paris 12°, France 

Date of License: January 1, 1959 

M. P. Baduel d'Oustrac, Directeur General 

Esso - R. I. Pearlman; L. A. Strimbeck; J. K. Small 

McGraw-Edison Company 

P. 0. Box 2077 

Milwaukee 1, Wisconsin 

Date of License: August 1, 190 I 

Raymond H. Giesecke, President 

Esso - P. H. Smolka 

The Kclntire Company 

Okner Parkway 

Livingston, New Jersey 

Date of License: March 1, 1962 

E. S. Chatlos, Vice President 

Esso - R. D. Manahan 

Payne Manufacturing Company, Inc. 

P. 0. Box 9364 

Houston 11, Texas 

Date of License: July 1, 1963 

V. H. Payne, President 

Date of Termination: November 1, 1966 

Esso - J. K. Small 

J. F. Pritchard & Company of California 

4525 Roanoke Parkway 

Kansas City, Missouri 

Date of License. July 13, 1961 

J. F. Pritcnard, Or., President 

Esso - P. H. Smolka 

Puregns Equipment Corp. 

1445 Strongs Road 

Copiaguc, New York 11726 

Dote of License: July 1, 1965 \ 

John P. Adams, Vice President 
Esso - R. I. Pearlman 
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Ri^icr Manufacturing Company Limited 

Melingriffith Works 

Whitchurch 

Cardiff 


Great Britain - 

Late of License: September 22, 19°l 
T. Flight, Director 

Esso - P. H. -Smolka; R. I. Pearlman; J 


Tegnon (Pty) Ltd. 

193 Smit Street 

P. 0. Box 3709 

Johannesburg South Africa 

Date of License: November 1, ly°( 

R. Zel, Manager 

Esso - R. I. Pearlman 


Wilton-Fijenoord-Bronswerk N.V. 
P. 0. Box 22 

Schiedam, Holland , 

Date of License: August 1, 19o° 
C. Y. Cina, Menacing Director 
Esso - R. I. Pearlman 


Trinity Equipment Corporation 
Cortland, New York c 

Date of Licence: February 1, 19&2 
Chesterfield Seibert, President 
Esso - J. K. Small; R. D. Manahan 

Lamp Metals and Components Division 
General Electric Company 
Cleveland, Ohio - • . 

Date of License: April 25, 19 ° 2 
H. L. VJeiss, General Manager 
Esso - R. D. Manahan 


Selas Corporation of America 
Dresher, Pennsylvania 
Date of License: March 1, 19°^ 
Kurt W. Fleischer, Vice President 
Esso - J. K. Small 


Chemical Design, Inc. 
Lockport, New York 
Date of License: November 1, 
James R. Meyer, President 
Esso - R. I. Pearlman 


1964 


Pall Trinity Micro Corp. 

Cortland, New York 

(Bought up original Trinity Equipmen 
Date of License: March 1, 1958 
George Feeley, President 
Esso - J. K. Small; R.D. Manahan 


. k. Small 


Corp.) 







PLAINTIFF'S EXHIBIT 15A 
Photograph of Heaterless Dryer 



l 

















PLAINTIFF'S EXHIBIT l6 

General Description of the 
Skarstrom Heaterless Dryer Invention 
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General D e script ion of t he Skarstrom Heaterles s Dryer Invention 


A completely self-contained, self-regenerating gaseous 
fractionating process utilizing a selective adsorbent in which 
the adsorbent bed is the sole agent for fractionation and heat 
exchange which comprises: 

(1) a repetitive adsorption/desorption process 
utilizing differences in pressure; 

(2) wherein gaseous feed is Introduced at one end 
of the adsorbent bed and product effluent 
recovered at the other end; 

(3) a part of the product effluent is used to 
desorb the bed (or essentially the same product 
effluent from a paired companion bed on a 
complimentary cycle); 

(4) by counter-current flow at lower pressure 
than the adsorption pressure; 

(5) with cycle times sufficiently short so that 
heats of adsorption/desorption are substantially 
retained and balanced within the adsorbent bed; 

(6) the adsorption/desorption being effected so 

as to create an oscillating concentration front 
which remains in the adsorbent bed with only 
a fraction of the adsorbent bed being utilized 
for most of the adsorption/desorption; 

(7) said process operating so as to eliminate the 
need for any supplemental heat exbhanges, and 

(8) the need for any external purge gas supply. 


I 







Cover Page and Pages 458-59 of German Text 
"patentgesetz Gebrauchsmustergesetz" 
C.H. Beck'ache Verlagsbuchhandlung 
Munchen 1973 











E-115 


Patentgesetz 

Gebrauchsmustergesetz 

mlt len crglnze&dcn Vorscbriften 


Kor’kommcntar 
bcjiGndct von 
Dr. Georg Denkard 
v*elland Rcrbtaanwalt bcim Rrichtccricht, 
lulctit Buodcarichtcr bcim Buodcsccnchuhol 


foctgcfiihrt von 


Dr. Hans Dock 

Bundcuichtn a. D. 

Dr. Karl nruchbrniscn 

Richter »m Bundcigerichtabot 


Werner Ballhaus 

Richter am 
BundcjgciichuhoC 

P.fldlgcr Rogge 
Renter am Landgcncht 


6-i neubearbcltete und erwclterte 
Aufiage 

(Ziticrwciae: Bcnkard) 


C.H.BECK'SCHE VERLAGSDUCHHANDLUNG 
MONCHEN 1973 
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PatG S 6 Patentgesetz. DttrWiltr BocljBmcUhmun 

dunrcn obne weitrres auf eine besondere An dcr Anordmtng eines 
Mill'd! hinlenkcn, KG GRUR 38. 865. 867. Bedcutct die Wirkung 
cine! Merkmals f iir den Faclimann niclm Ungcwblmtichci. so bedart 
es dariiber keiner besondcren Ang abe in dcr Patentschriit. RG GRUR 
J8. 863. 867. LaBt die AnspruclisCassung zwangsliutig cine Viclzahl 
konstruktiver Gestaltungsmoglichkciten zu. so nnd dicsc in den Ge- 
genstand do Patents cinbczogcn, DGM GRUR 64,669.672. Ergeben 
»ich die wcitcrcn Einzelhciten (iir den Eaclsmann bcispiclswcise scb.cn 
tus dera Gattungsbcgnir. dcr Beschreibung oder deni allgcmeir.ea 
Fachwissen. so braudit dcr Patcntanspruch irn kcnnzcichnciiden Ted 
nur die erfindungswcsentlichen Merkmale der Leb.rc anzugeerr, 
BGH GRUR 66. 201. 203 r. Sp.. sclbst wenn im Einzclfall durch 
einen zumutbaren Utnfang niclit iibcrschreitende Versnehe :u er- 
milteln ist, mit welcl.cn GroBc.s dcr einzclncn Baute.le e.nt fur den 
ipeticllen Fall gccignete Vorricl.tung zu gcst.ilten .it. RGI! GRL 2 
67. 56.58; 68,311,313; BGH Mitt. 72.13a. 136; bGH la ZR 1 /. » 
y.22.12.1966. oder wclchc Arbeitsmcthcdcn optimalc Dedmgurcr. 
ergeben oder ungecignet sind. BG1 1 GRUR 66. 312, 31 / ni. v.. NV. 
vgl. auch; RG Mu\V 29. 499. 500; RG GRUR 38.2a6.261; 3S, -2,. 
425 Da dcr Ampruch nur den wcscntlichcn Kcm dcr Erfm-urc 
herausschalcn soli, olmc daB eine crschopfcndc Aufzal-.lung und ge- 
naue Beschreibung aller Losungsmittcl im Ansprucli notwer.. 
wire. BGH Licdf 63/64. 157. 168. kann dcr Ampruch dutch cer 
Beschreibung unschwcr zu entnehmende Erganzungcn klargeste..! 
werden. BGH GRUR 62. 80. 81. cbc uo durch Merkmale. d:e 
Fachmann aus dcr sinnccn.aB verstandenen Gesamtl.cit dcr Par.-r:- 
schtift heraus zwar stUlschaveigend. aber no.^ndig und^zue:- 

deutig mitgesetr; fuidet, RG GRUR 44, 72. 74, BGH X -c - • 

Tom 29 6 1971. Aus der Beschreibung kann die nahcrc Kcnnr.- 

rung gewisscr Me.kn.ale im S.nne dcs A.ispruclics entnomtr.ee 
" erden RG GRUR 35. 913. 914 r. S P .; 36. 4S0. 481; BGH CRU* 
S4 107. Ill; 54. 317. 319; 55. 29. 32. denn bei der Auslccung c.r.es 
Paicnts’sind’die Ampruchc zusamn.cn mi* «dcr Beschreibuiig »-• 
Ganzes zu bcaditen. BGH Beschl. vom 29.1. 19/0 - X ZB -/_■ 
Filr die Patentlcbre unwcsentliclic Zufalligkeitcn. die sich m den .- 
bildungcn dcr Patcntzcichnuiig bclindcn und von dort auf u;e V 
(attune der Beschreibung und dcr Anspriichc zuriickgcwirkt has:.. 
kSnncn bei der Bcstimniung dcs Gecenstandcs dcs Patents »'-* 
Betracht bleiben. BGH GRUR 61. 409. 411. EmPatem gewahrtrr 
keinen Schutz (iir vom Ampruch mcht etiaBtc Ausluhrur.gs- . 

ipielc, BGH GRUR 66. 192,196. . „ , 

(9 •) Die Fassung dcs ratentanspmehs. dcr in dcr Regel schon au^ 

lich in einen Obcrbcgr.fi' (GattungsbcgnlV) und einen Kenr—- 
mmcstcil. dcr die neuen Losungsmittcl enil.Slt. aufgcbaut wartf. “ 
durch die Worte ..dadutch gekennzeichnet" getrennt werden. 
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| 26 Hein. 27-29, ist ah lolclie fur ilch allein fur die Erntittlung dci 
Gcgcnstandcs dci Patents ohne Ucdcutung. lur den Gcgcnstand einci 
ain mebreren Merknialen bcstchcndcn Patents ist ei bclanglos, ob tin 
Merkm.il iin Obcrbcerill'odcr im kcnnreichnendcn Tcil dcs Anspru- 
ches stcht, RG GRUR 32. 4 15, 446; 32.577.579; 36.917,919; 40.262. 
2u3; <2, 63. 64L; 42, 204, 206; 43, 23. 29 ; 44, 122, 123; RG MuW 
25/26,39.40; 27/28;571 r.Sp; 32,145.147; 40,96; BGH GRUR54, 
107. Ill; 62. 80. 81; 64, 196, 198 ; 71. 115, 117; OLG Munchen 
GRUR 55, 335, 336; LG Dusseldorf GRUR 57. 599.13ei einer Kom- 
binatiomcr findung kann die patcntbcgrundctidc Ncucrur.R einci 
Erlindimgsgedankcns in cincm im Obcrbcgmi'stchcndcn Mcrkmal 
mehrn werderf. RGH GRUR 62. 80. 81; RG GRUR 36. 585, 536; 
I’A GRUR 36, 252, 253; die Untcrbringune del cincn odcr andcren 
Mcrkmih im kcnnzcichncndcn Tcil dcs Patcntanspruchs ist kein 
Iksvcis daliir, daft geradc hienn das Erfuidcriiclic ail erblieken ist, 
RGH 1 ZR 93/53 voin 12. 4. 1960. Zuin Gcccnstand dcs Patents ge- 
hdreii sosvohl die Mcrkmale dcs Obctbccritisah aucb die Mctkmale 
dci Kcnnaeichnungsteils, RG CRUR38.315, 316. Daft cin Mcrkmal 
cmet Kombinationscrfindung im Obcrfccgriti stcht, besagt nicht, dafl 
cl fur cioe Gcsamtkoinbmation ohne Dedcutung ware. RG GRUR 
33, 631, 632. Dcr JuBcre Aufbau des Ar.spruchcs ist hit die Dc- 
uimmung dcs Schutzbcrcichcs in dcr Rcgcl nicht cntschcidcnd. RG 
MuW 25,'26.39. 40; 27/28. 571 r. Sp.; RG GRUR 32. 577, 579; 38. 
315,316. Im Einzclfall kann datin jcdoch cin Vcraicht odcr einc De- 
whrankung aum Ausdruck kommen. vgl. Rdn. 103. 

* , y Daraus. daft sich im Patcntanspruch Bczugszciclicn, d. h. 
pUcrn oder Bucbstabcn aus dcr Pateutaeiclinung, betinden, kann 
lur sich allein nicht hcrgclcitet sverden, dafl nur die konkreten, im 
AiMtiihitungsbeispiel bcsciuiebenen Uaumittel durch das Patent ge- 
BGH GRljR 63 - 564 : RG Mitt. 42.55; RGZ 167, 
339,345. Diese dienen dcr Vcrdeutlichung, RGZ 167. 339. 345- vel 
Mcdiger Mitt. 63, 81. 

5. Hat das Patent niebrcrc Anspruche, so ist dererste Anspruch in 
«wt Rcgcl dcr allgemcinstc, dcr den Erfmdungsgcdanken in seiner Ge- 
•amttragsveite ertassen soil. Er vird als Hauptanspruch bcacichnet. 
y nachgcordnctcn Anspriichc sind entweder Untcranspruche oder 

• :bcnanspruchc. Dcr Hauptampnich und die Untcranspruche sind 

* die Frage, ob der in ihnen versvirklichtcu Koinbirjtion cin allge- 
weaser Erfindungsgedanke in Gestalt einer Umcrkombination ein- 

•net Mctkmale aus beiden Arspriichen augrundc liegt, ah Einheit 
trachtcn, BGH GRUR 56, 542, 546. Nunmt ein nachgcordne- 
Anspruch auf den Hauptanspruch Bezug, so liegt iin Zsvcife! ein 
'•ntetantpruch vor. RG GRUR 35. 161. 162. Die Bcaugnahme auf 
vorJ i n E c bendcn Anspruch in cincm nachgeordnctcn Anspruch 
***. lessen Inhalt ah ObcrbcgrifThir den tiachgcordueten 
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depression has been infilled Kith detritus brought (lown from liolh 
the Alps and the A|iennines, but more e«|iecially the former, partly 
by glacial action during the lee Age but mainly by the violent 
flood streams characteristic of the tributaries of that river. The 
combined della of the I’o, Adige. Ilrenta and 1’iavc rivers shows 
that this process is still continuing, (or its front is advancing sea¬ 
ward, in places by as much as JO ft. a year. It is only with great 
difficulty that the channels necessary to the continued existence 
of Venice as a (sort arc kc|»t open. To protect the Venetian lagoon, 
sea walls extend the I.ido .sand bar; in Nov. IWi the sea. driven 
by high gales, breached them and Venice was flooded, while iarther 
south incursions of the sea auginen'ed river flood in the I’o delta. 

Adria i which was a flourishing port in Knnian times and 
up till the late 17th century, and which gave its name to the sea. is 
now U mi inland. Beside being the shallowest of all th* sections 
of the Mediterranean, the Adriatic is also distinguished in parts by 
the relative freshness of its waters. Its mean salinity is approxi¬ 
mately 35®/oo near the Strait of Otranto but falls to IS*/* near the 
head of the sea where it receives the surface flow of Alpine and 
Apennine streams and also submarine flows from the limestone 
plateaus of Istria and Dalmatia 

Though in general the Adriatic may be said to experience a 
Mediterranean rliniatc. the more continental conditions prevalent 
over the north Italian lowland and the Dannie basin arc not 
without their effect on its northern sections. Their low winter 
temperatures, for example, cause the waters of the Gulf of Venice 
to show uniformly low temperatures at all depths during that sea¬ 
son while off the Dalmatian coasts the surface waters arc more than 
3* F. colder than the underlying layers. When the cyclonic de¬ 
pressions that develop over the I’o ba'in and Gulf of Genoa durinc 
the same season move southeastward, the whole coastal area is 
swept by the cold wind from the northeast (the bora I which bring, 
some danger to small craft as well as general discomfort to the 
population. In southern areas, a warm damp sirocco (not to lie 
confused with the dry dusty Saharan wind of the same name ex¬ 
perienced on the north African coast) blows from the southeast. 
Surface currents move anticlockwise, entering the Adriatic on the 
east side of the Strait of Otranto, passing northward along the 
Dalmatian coast, southward along the Italian shores and leaving 
on the westward side of the strait. The southward movement, by- 
carrying sill from the Po delta, has extended the lowland toward 
R. venna and beyond. 

There is a marked contrast between the Balkan and (he Italian 
coasts. The former is rugged everywhere north of Albania, it. 
main features evidently formed by submergence; the latter shows 
mainly emergent features, though the coastal belt shrinks to a 
narrow ledge in the Ahruui. Marshes, lagoons and tandspits bor¬ 
der the shores of the Gulf of Venice and extend for some distance 
south of the Po della, low marshy ground reaching as far south as 
Rimini though narrowing lo less than a mile beyond Ravenna. In 
northeastern Emilia-Romagna, side tracts were reclaimed by 
poldering. Foothills of the Apennines lie close behind the coast 
through the Marche and Ahruui e Molise but from Mt. Gargann 
southward these arc replaced by bare limestone plateaus and hills. 

There is a marked absence of natural harlwiurs all along the 
Italian coast. Ancona, on a bay sheltered by a limestone promon¬ 
tory, is the only port for many miles along the middle section 
The marsh and lagoon ty|>c of roast stretches around the Gulf 
of Venice almost to Trieste where begin, the low limestone plateau 
of the Istrian peninsula. Southward front the Gulf of Kvarner the 
coastlands rise very steeply inland, the 1,500-ft contour lieing 
close lo the sea everywhere. As far as Dubrovnik the land is 
fringed with island, (e g , Krk, Crcs, line and Curaola 1 and its 
coastal margin interrupted by frequent inlets (T- and I.-sha|ied 
gulfs), all obviously produced by the submergence of valleys be¬ 
tween the fold ranges which are there pirallel to the shore line. In 
Albania the coastal plain is wider and more continuous but im¬ 
perfectly drained. 

Penelialiiif northward mi clo*e to the heat! of central Europe 
the Adi lain h i. always liven ol iiii|aut.uiie a. a ti.nle highway 
Front very early time, truliic has pa-M-d across it Iviween • .aiy 
and the Balkan lands in spite of the obvious dillicullies presented 


by the lack of shelter on the Italian side and the absence of cood 
natural routes leading inland (rom cither shore. Durres (Durazzoi 
was the western teiminus of the great Roman and Byzantine high¬ 
way from Constantinople and Salonika. Dubrovnik and Split 
were Roman ports on the Balkan side linking with Ancona. Ra¬ 
venna and Adria on the Italian. Through routes across the Apen¬ 
nines were dilhcult but. in spite of this, the latter ports also 
handled trade between Rome and the eastern Mediterranean be¬ 
cause of the difficult navigation involved in the voyage by way of 
the Straits of Messina. 

The rise of Venice gave special importance to Adriatic routes 
because of its easy communication with southern Germany and 
northwestern Europe by the Brenner pass, as well as to Vienna 
and the Danube highway by the Semmering pass. Long beiore the 
opening of the Suez canal (1S69) the main currents of Mediter¬ 
ranean Iradc had been diverted away from the Adriatic parts. 
Neither (hat event nor (he frequent boundary chances around ;:s 
northern land termini have completely robbed it of its former 
importance The trade of Venice and Trieste indeed increased 
as a result of the opening of the Suez canal. Rijeka. Dubrovnik 
and Split still carry on more than purely local trade; Trieste han¬ 
dles a large tratnc and Venice manages to maintain its position 
as an outlet for the Lombardy plain. Bari and Brindisi are large 
ports, while Ancona’s trade is mainly coastal. 

(T. He* ; C. G Sit.) 

ADSORPTION. All solid substances arc known to be ca¬ 
pable of attracting to their surface, molecules of gases or solutions 
with which they are in contact. This phenomenon is known as 
adsorption. The solids that are used to adsorb gases or disseised 
substances are called adsorhents; the adsorbed molecule* arc 
usually referred to collectively as the adsorbate. A well-kw-sn 
example of an excellent adsorbent is the charcoal used in gas rr.a-ks 
With its area of about 115 ac. per pound, it is capable of adsorb:'; 
and holding large quantities of poisons or impurities that ore 
wishes lo remove from a stream of air. 

Adsorption refers to the taking up of molecules by the external 
surface or internal surface (walls of capillaries or crevices - of 
solids or by the surface of liquids. Absorption, with which it is 
often confused, refers, on the other hand. 10 processes in which 
a substance penetrates into the actual interior of crystal*, of blocks 
of amorphous solids or of liquids Sometimes the word “so.pttun" 
is used lo indicate the process of the taking up of a e is or k.; j:d 
hv a solid without any s|iecitic.ition as to whether the process is 
one of adsorption or of absorption. 

It is now generally recognized that adsorption can be either 
physical or chemical in nature. For convenience, these two tyj -i 
ol adsorption will he diseu.'Cd separately. Adsorption.from solu¬ 
tion is also treated separately 

Applications of Adsorption—Traditional applications of 
physical adsorption include the use of charcoal lor removing poisor. 
gases Horn the air; hydrocarlions from natural gas; and o\>zcr.. 
nitrogen or other gaseous impurities from helium during the sepa¬ 
ration and purification of the latter. Later applications were c» n- 
terned with the measurement of the surface area of finely d:\: - 
or imrous solids and with the measurement of the pore size ar.a 
(wire distribution of porous solids. Also, in the analytical process 
known as gas chromatography (see Ciikoxi xTor.xxnnv > phv.-u.l 
adsorption is rcs|Hinsihlc for the separation of the various ex ¬ 
ponents of a g.iscou* mixture to produce .separate and character:*:..- 
|K-.ik« on the chroin.itogr.inis. 

Chemical aibor|>lion or chemisorption, as pointed out below, is 
of general interest mostly because of its being one of the steps •••, 
catalytic process, -x (zee Catalysis). Typical examples of iaijs-r- 
taut catalytic processes include, among others, the synthesis of a:--- 
■noni.i the cricking of hydrocarbons to form gasoline, the svnlhe- - 
of methanol, the ryrli/.ifion of heptane to form toluene, the o\ ’ 
lion of sulfur dioxide to sulfur trioxide and the hydrogenation 
oils to edible fats. ChemiMirplion is. however, not an unr-.ix. 
I»h "ing in » it ib lit reaction' -irce it can al-o slow thi-.-i «! 1 :. 
holding |M>i'oiis on tile catalyst Mirf.icc. 

Ad'orpiiou from solution has even more applications than 
soiptiou fiout the gas phase. Its int|iorlau<e in dyeing. ph-:.a 
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,,|,hv. turn me. the purification of water. llir clarification of oil 
and in marine luhiiiants more rlii'ilni' i* well known Soil* .mil 
eoil colloids with their later surface areas t to lo to ac (M r pound I 
atr able bv aibor|>tmn in remove fioin solution and retain fer- 
(■liner components essential lo plant crowlh. I mallV, the separa¬ 
tion of com|H>nents of a solution bv Iniind ehromatoeraphs beianic 
important not only as an analvltcal tool lor chemists but for sepa- 
ratine out specific eoinpounds front li.|ind solutions I or example, 
the aromatic, nl time and paraltinu portions ol liquid Inilrncarbons 
can tie separated by chromatography on a scale that promises to 
prove iin|»>rtant in petrideum leehtinloci . 

Physical Adsorption of Cases and Vapours on Solids.— 
I'hs'leal adsorption resembles the condensation of ca-es to litpiids 
It depends upon the phi -n il or van der \\ aals forces of attraction 
between the solid ad-orK-nt and the ad-oibite molecules As one 
might ex|H-ct for a risen solid, the adsorption of a gas will hemme 
larger as the temperature at which the cat and solid are in contact 
dei teases toward the boiling point of the ra* or as the pressure 
of the (.is at a cnen temperature is increased toward the pres¬ 
sure that would be necessary to actually condense it to a liquid 
There is no chemical specificity in |>hy*ic.d adsorption, any ras 
trndinc to fie adsorbed on any solid if the lrni|icrature is sull'i- 
ciently low or the pressure ol the ca« suflicienlls hieh 
The five fundamental types of isotherms I plots of volume of 
(as adsorbed attains! ptessutei which separately or in combination 
can describe the beh.niour of all known examples of physica. ad- 
soiptmn. are shown in fift t 
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fic I — Tvflt I II III IV ANO V AD*OHfTION ISOT HI NMX IN IACM 
HOT TNI VOIUMI or 0*5 ADSOND1 O I AS NlAMJNIO At * H ANDARO 
TlMriNAIURI AND rftlSSUM I I* ftOTTIP AGAINST OAS mssunt. I* 
TNI IIOUIIACIION PRltlUU IS r, 

l \ |h* 1 »>• ihctms arc representative oC such a> activated 

ch.ircoals. or mtur.il or synthetic ch.dwiiitc> v » h.ixmc very 
'null |M»rcs tone to ten tunes the size of orthn.Hv £.»* multi nli** 
lx pc 11 isoth» rmv .ire ol»t.iiiicd on tmcU disnlcd non|*orou* n»htl> 
or on solids lux mu l.wly la fisc |h>ics. U'liic a* .uUnrlutcs inert 
C i' 4 -s Mith as mlioecu at tem|*eiaturc> d**'C to their hotline |"»'ni' 
\\ tier \.t|Muir .nl'iirlifj on er.iphite xicl«U .i ix|*e 111 <urse It is 
c» >i i.illv Ik iuxed that the heat ol ad'iupium of the adsorbate 
ii'i,,t|nit „ f„r t \|h 1 111 isoiht inu is t<|iial to or .i lit lie r than 

•It.- .(f |ii|o« | u to *ii ot I hr 4 »' Ik to-*t tidied (»i o»Nl id o|h* 

• « It ,x til! il • * I tin if nt .»« ho id d *n the xx ill* ol » »a« k* ••« 
i it x it is smaller than ahoui in in sue. isotherms ol Ixpe IV 

u»|| loom illy Ik' ol»l lined I nullx if the lu it ot ai|s««iptmu i< 
xniill Imt the putt* size is also small. I>|h' V curxes x\ill U' obtained 
.uKoiptmu uoiherms W ater \.i|«mr on iluiio d iiixi's mu h 
J tinxe provnlid the amount of >u(l.ut uxide mi the thauo.il js 
nl it m l) small 
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I,veil though the chemical relationship of the gas and solid thil 
i> lK.-im: Studied is usually not ini|«irtant in dctcrminm* the ex- 
coi t nr n.ituie of physical adsorption. a certain ditiefcnliation 
anumc the ad«nrlients can lie made on a bids ul the |Hilarity oi :he 
solid or the adsorbate l or example. water v ipour on graphite 
cues isorberms of iv|ic III. whereas nitrogen. awn. krypton and 
similar ca-e. give lype II isotherms Apparcntlv the exceptional 
behaviour of water v.qxiur is lo lie attributed to the polar charac¬ 
ter of the -Oil croup and the nnnpnlar character of the carimn 
surface. On the other hand, polar solids such as silica cel acbotb 
water va|n>uc exen more strongly than aibnrlettes such as nitrogen. 

I'hy -ical adsorptimi is characterized by low heats of ad-orption 
and by rapid atl-orplion and desorption The only systems in 
width physical aiboiption i> slow are tho-c in which the pores are 
so small that an appreciable time is required for the ad-nrhatc 
molecules to dmusc down the pore. or capillaries lo the inner sur¬ 
face nn which they arc finally to l>e adsorbed 

Numerous equations have been developed for represenltns the 
yniumc v. of cas atlsorlicd as a function of pressure, p One of 
these, the Langmuir equation, is of the form 

»- 

Y+ap 

Another, called the I'reundlich equation, is 
e •.**■'* 

In these equations, it, b, Jt and n arc constants The frcondlich 
expiation usually represent* isotherm* oxer cett.iin restricted pres¬ 
sure ranees At very low pte«-ures ot hich temperatures the v alue 
of it approaches I; at intermediate pressure*, the constant I n as¬ 
sumes fractional values characteristic of flic particular solid-gas 
system that is involved. 

One of the nunc useful rel.ilionshi|i* for estimating the extent 
of adsorption at one temperattiic from that at another was due to 
M Polanyi and his co workers In it tlu volume of gas adsorbed is 
plotted against the adsorption |iotenttal defined by the equation 
adsotplion potential — RJ\np p 

where p„ is the liquefaction pressure of the e-t* brine studied T 
is the trnipvi.iture R ts the cas iori-tant and /» is the ptes'ure 
at which tiie volume adsorlicci tat a standard tem|icr.i*.ure and 
ptrssurr I is 'wing measured Plots ot such data show tint except 
for a slight correction for the two-dimensional expansion of the 
adsorbed gas. the adsorption volumes taken at a series of tempera¬ 
tures and pressures will fall on a smooth sutVC 

In Ii)t5 it was postulated that p«'tnl I. on lyin' II isotherms for 
iron catalysis corte-ponded to a stali«tical monolayer ot adsorbed 
gas and tint the linear part of tlie-e i-ntherm- and the i>ot:ion 
convex to the pics-mr axis Mo the tight ot i«omt H tn the tyiK 
II curve of fic tl tepicscnts the building up ot multimolecular 
adsorption layers A themv de-ienrd to explain the shape of thr-e 
isotherm* in terms of mullimolecul.tr layers may in ils simplest 
form be written , 


I . (C l tx 
r(l-a) c-l 

where t i* the volume of ca' .ld-orlK’d at the relative pressure, 
a. of the adsorbate c.i« and (‘ i« a con-t int \ plot *•« 'be leit 
side of the equation acain-l the relative prc"*mc\ a. "elds a 
qt.right line from which the volume ol gas in a ni.Miol.iyer. can 
In'ec.du.tled 

lilts equation ha- become known as the lltutiauet-l mnictt- 
Teller or III.I equation \ simple miiltiplicaii.nl ol l_ by the 
nos* 'Cstional area ot each aiborlied mole, tils* ta> e-tmuted 
(ruin the den.ilx of the bqnetied or .olnlitnd adsorbate' Melds 
directly a xaltte lor the surface area ot the *oud m an' convenient 
unit -inIt a- square metres pet gram or acre, per pound ( 

0»h*I*t»»»ix »»1 |»hx%i» \\ mI*oI|' , " ,, i »*nir^» » tit ;*s 
a conid. lal.le p.i’ion ot tin ad "ihilt i» In Id by "hit t- known 
a* c ipdlatc couilvn..ition To expte.s the \.i|*mc pte«*ute. p. of 
a liquid in a capill.tiy. l.otd Kelcin deuced the equation 


ln(. p - - 


;» p co» p 
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white a i* the surface tension ot the It.pntinl adsoilute gas. t 
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i* the contact angle Is-twecn tin- liquid .101I the wall ol 1 In- r .i|Ml- 
lary. r is the t.ulitis of tin- t.i|oll.iry. I is tin- nml.il voIiiiim' of the 
adsnrltatc .mil K , / .mil are as dtiinetl alsivc I In- rxisiou c 
of ca|xill.ity xooilciis.itmu is usually assimii'il In .mount lor the 
hysteresis that is 1 1 e«|%i«*ix1 1 v It.mn! in nt|snr|iiinn isotherms tep- 
resentii»K physical ai|.or|.|mn ol eases or e.qsitifs on |«orniis soliils 
(See l)|ie l\ curx-e in lie 1 1. Itx' making priqs-r illnw.iuir for 
the amount of miiiionnilisrtil.ir or multinmleinl.tr .n|soi|.imu that 
occurs at a given relative |irxssuie for a pirnmlir g i- ...lid sys¬ 
tem. it is jtossihlc to use the dc-xirptinn isotln-nu ol ihc *lv|s‘ 
shown in lie 1 for the ly|s* IV isotherm to calnilaie xxiih the Itt-lp 
of the Kelvin e<|uation the |sirc si/e anil tin- pure si/e xlistrilnition 
of ca|iilla(ies 

This a|iplicatinn of physical adsorption is one that is very valu¬ 
able in study inc the size at |icarcs in calalx'sis and in otln\ porous 
solids 

Chemical Adsorption of Cases on Solids.- When certain 
specially prc|xarrd samples of |sirou* iron are pi iced in contact 
xsith a mixture of the txxu simple ea-es hvdruccn and inimnen at a 
dull red heat and at hieh pressure, a chemical reaction lakes place 
bctxvecn the hydrogen and nitrogen to form ammonia In this 
typical catalytic traction it can Ixe shown that Imih the hydrogen 
and nitrogen are capable of being adsorlied on the surface of the 
catalyst 

The temperatures involved ( 450 * to 550 * 0.1 arc too high to 
permit physical ad-nrpliun to take place It is concluded that the 
gases in this high teni|nr.iturc range are held by chemical iorccs 
and hence by xxhat has liecn talk'd chemical adsorption or chemi¬ 
sorption 

Chemical adsorption occurs usually at higher temperatures than 
those at xxhuh physiol adsorption occurs; tuithctmorc. chemical 
adsorption is ordinarily a slower process than phesir.il adsorption 
and like most chemical tractions frequently invoices an energy of 
activation 

The licat of chemical adsorption is much higher than that of 
ixhysiral adsorption and corresponds to heats that are invoiced in 
chemical reaction. 

Thus, for example, the heal of ixhysiral adsorption of nitrogen 
on an artixe iron synthetic ammonia catalyst at — 11 ) 5 ' 0 is in 
the tange 1 (Go to t.ooo cal per mole of nitrogen compared xxiih a 
liquefaction heat of 1.360 cal per mole; in contrast xxiih this the 
heal of adsorption of nitrogen at 430 * C. on the same iion catalyst 
is alxout 35 000 c.il per mx.lc of nitrogen (Ttemn il adsorption is 
prth.a|is most easily visualized as a surface cnnipiini.l lietxxivn the 
atoms of the catalyst surface and the g.istsaus axl-othate formed 
under conxhtions xxhich preclude the |anssihilily of tils' adsorbate 
reacting xxiih the main hulk of the catalyst to form a regular chemi¬ 
cal ciini|iound 

As might lie expected, chemisorption is chiefly of imrrest in 
conncclion xxith the occurrence of cal ilvtic reactions Apparently 
at least one ol ihc reacting gases in a catalytic reaction has to 
he chemically adsorlied on the sxinacc of the catalyst prior to re¬ 
action (aer Catalysis). 

One other application of chemisor|ition should he mentioned. It 
can Ik* u-ed to measure the surface eomcutr .111011 of xoni|sxneixls 
called promoters xxhich are added to catalysts to the extent of a 
few- |ier cent by weight to improve their axtix iiy Fur example the 
cliemisor|iti<m of xarlMin monoxide he the iron atoms and of xailxin 
dinxisk- by the alkali promoiei has made it |xos.|hle to ascertain 
that a few per cent of aside's! promoter may euxvr a - mu. lx as 50 ' r 
tx» 7 J*. of the surface of a doubly prx.motx'd iiim synthetic am¬ 
monia catalyst 

Until relatively recently, little information was availably as 
to Ilie stale of rhcmisoilted mole, ides on 1 In 1 sui lace ixf axIsniUnli. 
CVily general inferences couhl lie drawn !xawx! mi the exp-xlxd na¬ 
ture of interaction of the adsoxlute and tile .uhnilmit as judged 
by thx-ir ris|scliec chemical pi..|«rtie- In me; su.ce<siu| meas. 
umn. nls were tin ills made of Ihe infrared ab.oipii..n l.amb of 
. x i.l-.nls.l .. 11 -ih. t .ihim.u, .1 ok. • •• .*»-«. .n.l ..| > ir- 

b'.U lllt.ll.ivi.il xhl li l|s. i| It.. | oil sill II III.I lb .Is Hull III, kl I. I otclll . 

pluluium and pill.uliiim T he 111 lorm. 1 lion ol.l until trout such 
qnctr.i relative to the u.ituie and the siingili 1,1 ib. Is.n.l. hold. 


ing the adsorlied molecules until Ihe surface without douM op-nr 1 
an entirely new approach to a liclter uinleistanding of clwniioov 

floti 1 

Adsorption in Solution—When a substance f solute I i. i|(.. 
solxeil in .1 Ih|uiiI (solvent 1 to form a solution. Ihe .olutr u,n,t , v 
fends to rumeiitriile either in the surface or in the bulk of n„. 
sulxeol loir example, soap lends to 10111 rnlr.ile preiereutiilly n, 
tin- sill fur of .111 aqueous snap solution fjsi.itivr ad-.irpln.ni tj... 
•he oilier hind, inorganic sills, such as ordinary fable salt, tend 
lo 1 iMirentr.itc ill ihe hulk of an aqueous solution r*:hcr than i;, 
it. surf.ue tnegative adsorption) 

Ihese qtialilaiiee ulisrrvations have been expressed in a formal 
manner by the Gibbs adsorption equation 


XXhere I' is the excess surface concentration of the solute in gram- 
moles per square centimetre; c is the mean concentration of the 
solute, 6e.Sc is the change of surface tension of the solution 
with the concentration of solute; and K and T are as denned 
abox-c. 

Adsorption From Solution by Solids.—The adsorption oi a 
solute on the surface of a solid in contact wiih a solution is of tairle 
common occurrence For example, actuated Carbon is used f-r 
removing coloured impurities from solution; clay can remove col¬ 
oured components frxxm ixii; and bone char is used to renxoxe im¬ 
purities from sugar jlutions in sugar refitting 

Ihe adsurplion .1 solutes by added solids is generally explained 
according to the same Gibbs concept Used for explaining the 
adsorption at a gas-liquid interface However, it is nauch mere 
difficult to measure surface tension at a liquid-solid interface 
Accordingly, quantitative proof of the applnahility of the Gib's 
equation to adsorption from solution onto a liquid solid interlace 
is for the most part still lacking 

ll is to he exiwcted that the extent of adsorption from sxalutiea 
will dx'|xend on the nature of the solid aihorlient the nature oi 
Ihe solulc and Ihe nature of Ihc solvent. The detailed manner in 
"hieh each of these influences ihe extent of adsorption is s;il! 
not understood in spite of ihc large amount of research done on 
Ihe subject in the litst half of the eoth century. However the 
influence of certain factors has I wen well discontented and will now 
l»c briefly summarized 

The ail-oipnnn |>cr grant will, for a given solid, increase with 
an incre. se in its accessible surface area The accessible area 
in turn. w.H for .1 given particle size dc|trnd upm the si/e and 
distribution of pores within the solid ad-oilaent Since the ad-or- 
hale in a solution must reach the inner surface of a porous ad 
soibent by diffusion through capillaries filled with solvent, the 
amount of adsorption in any given lime will depend on ihc nature 


Txntr I.—Adlergri,.« «yf r.irir'ii r‘itt x ItiJt It Ohrrrisi/i ft 
IhjfircHt IWiuiliu 
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of Ihe pores and capillaries as dhxralcd by Ihe xlala in Table I 
(li e M Dubinin. /. y»*v,i k (Tew . 1031 ) 

In the origin il un.icltvaleil maleri.il ihe jsxrcs avore so small as 
Ixx lend 10 serx'en mil Ihe larger molecules W till increased activa¬ 
tion the ili.irxn.ils nil teased their total ad-orptixe x.qui iiy .,nd 
tin- poll's I ixx line sum, icnilv eiil.iiged to |ierniit all ol the solutes 
to Is- 1 ,boils.I teg 11 .lies, of m..'..til 11 si/e 

Il .ox's aim.. I wilk..ill stye.; it. 11 lb.- ts::ir tvqiiilexl lo :x ,h 
a gixxu | six village ol Ihe liud ei|iiihlxiiimi values tlx creases as tin* 
l«'f's Isxome enlargexl he .11 lie 1I1011 The rate of a.boi|xtioii tail 
Is- judged 011 llu-sg lour xh.iito.ils by the time itspured 10 reach 
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f|C J _,Ht ADSORRTION Or ETHYL ALCOHOL TROM » BtNItHt SOIU 
I ION ON SILICA CEL (CURVE II ANO ON CHARCOAL ICURVE ll THE 
POSITIVE ADSORPTION REGION CORRESPONDS TO A HIGHER RATIO Or 
AlCOHOL TO RENEENE ON THE SURrACE THAN IH THE SULK LIOUIO. THE 
NEGATIVE REGION. TO A LOWER RATIO 

; 5 r J of the fin.il equilibrium adsorption I jet I able 1*. 

An excellent illustration of the influence of l»»th solvent and 
solute is given by the d.na in Table II (see M. Dubinin and 
E. D.Zavcrina.y. Phys. Chnn. [I'.S.S.R.], 19331 . 

Tablf. II— Adiorplion* of hilly tr id, From II 'alcr and From 
CCIt no Pitch Charcoal 
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As is evident, the adsorption front water increases with the 
molecular c.eicht of the acid, whereas frnm CT1, the extent of 
ad<oi|ition decreases with an increase in molecular weight. In 
both solvents the adsorption increases as the solubility of the 
solute decreases. 

Not only the nature of the solute and solvent but the actual 
conqiosition of a solution has a stronc inlluenee on the extent and 
nature of the adsorption on an added solid. 1 bis is illustrated by 
the curves in fig. 1 , taken from the work of I I - .. Itartell, C«. II. 
Schclller and C. K. Sloan. J. Am. Chnn. 5oc 119311 . 

The solid curve shows that on silica pel small amounts of ethanol 
are stronply adsorbed from a benzene solution. At liiuh concen¬ 
trations of ethanol, on the other hand, benzene is preferentially 
ad-otbed The dotted curve shows the corresponding adsorption 
i'Otherm for a sample of aclivaletl carlron. Clearly, the prdar 
ethanol is relatively much more strongly adsorbed by silica pel 
than by activated carbon. 

Attempts arc sometimes made to list adsorbents in order of their 
efficiencies. However, the nature of the adsorbate, the presence 
or absence of a solvent, the concentration of adsorbate. the tem¬ 
perature and the surface area and pore size of a particular sample 
of ad-orUnl ate all factors that can inlluenee the efficiency of a 
Ciu-n chemical species of adsotlv.nl Keference should therefore 
he made to some of the comprehensive treatises tor detailed in¬ 
formation that would enable one to sclrct the pro|>er adsorlient 
lot a piven adsorption problem. 

Due s|k-l til lyin' of adsorption from solution merits s|H-cial 
mention. It tail If ilbl-li.itcd b' ziolitic matt rill* umiltinidv 
J-id 111 walel solTeiliiip. 1'ert "ll ion* *u>h a* la '. Me . 
Itc are taken up by the zeolites. In the prove** an equivalent 

a:-.. „( Xa • , 11 * or other ton is telea-ed to the solution. 

The resultinp "ademption" of the Ca‘ * is really an exchange 
reaction of the t)|ie 

jNa.V +CV — Ca.V> + JNa’ 


where Na.V represents tlic oripin.d zeolite or synthetic ion ex 
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changer. Exchange adsorption docs not represent a true adsorp¬ 
tion in the strictest sense of the word Ncvcrthelc-s. it is ex¬ 
tremely iiii|Rirlant in modem living and is fairly closely related 
to adsorption. 

ll.lii MN.RO in S llrunaiicr. The Advtrpiirm ol Coir, ,„d\apnc, 
(Hilt) i ll.'ITapm ll, t'krn.io'raiM’N (i.pO: II hreunill.ch ( ollonl and 
Capillary l knonlrv. tram by II S llat.'rlil I rqzi) ; J j ll.kcrman 
Sur/arr t hrmiMry lor hrdmlrtal Hr,card, I IH7> ; „ A . h J J"', , 
nn ,| |» Jnltiwm. Colloid Snrnrr, i vol. (I»»40> ; P H* hmniclt Cr*l.)» 
_ CalahJi. vol i (0,53). vol ii (.935). Chemical Society. Ckrmnrp'roo 

- -7 fcr957). . y " f" ’. 

/ ADUl-LAM, a Canaanitc city with a king (Josh. xn. 15) in 

die Shepltel.ih I Josh. xv. 35). fortified by Reholmam ill Chton. 
xi. 7 1 and still a place of importance at the time of the Maccabees 
(II M.tcc. xii. 331 . Its chief intere-t lie* in its connection with 

-David, who took refuge in its stronghold ("cave" is now generally 

admitted to lie a scribal error; 1 Sam. xxii. II; hence the allu-ion 
• • •’ ■••• in the name Adullamitcs b/.v.l to secedcrs frnm a political party 
NE SOLU. on some *|fcial i*«ue. A site on the ca*tcrn erlge of the Sl.ephelah 
11 the tShefela 1 depirs-ion in southern Israel in the neighbourhood ot 
tat 10 or Socoli t Miuweikcln. seems to be indicated. Conjectural idyntilica- 
mo. the ( | |inv |, 1VC | irrn (|, Kharcitun in Jordan, southeast of Bethlehem. 

which has a large cave; (2) Dcir cd-Dil.ban. about 6 mi K of 
Shuweikeh. where tlicic arc caves: and (A 1 'Aid cl-Ma tan Arabic 
Ivent and popular ver-iim of the name 1 , south of Shuweikeh The last idcn- 
binin and tiliralimi 1 - the one most favoured and the paiticular site is now- 
held to be Tell c>h-Shcikh M.adhkur to the south of it. 

.See G. A. Smith, Hiitocical Gtoiraphy ol the lloly Land, 25!h cd. 
From (1931). 

ADULLAMITES i ; the name given to the English politicians 
^ who rebelled against their Lilieral leaders and defeated the Reform 

-*-bill of 1866. designed hv Lord John Ru—ell anil W E. Gladstone 

_ to enlarge the electorate by about lOG. The*e dissidents were 

.111 aptly described by John Bright a* a "political Cave of Adutlam. 

;;; attracting "cvcrv one that was in distress, and every one that was 
— discontented.'’ They eventually became about 40 strong. Russell s 

“ M “' majorilv tli-appcared anil bis ministry resicned in June Thinuch- 
, with the out .1 session remarkable for brilliance of debate anil skill in parlia- 
cxicnt of mentarv maneuver, the main attack upon the bill came from the 
eight. In Adullamitrs. a hcterogcncuus association with varying motives; 

ily of the and es|ieciallv from Roliert Lowe (later Viscount Sherbrooke 7 v.L 

who. according to Gladstone, "really supplied the whole brains of 
the actual the opposition" and "had such a command of the House as has 
extent and never in mv recollection been surpassed. 

1 -tratcd by Line s s|toccItcs form a classic statement ol the view that dc- 
tcU. Ci. ii. mocraev is inimical to pood government Such “distress was 
genuine but •'discontent" was also important Lowe and Ins licu- 
of ethanol tenants K llnr-man and Bernal Osborne, were unrepentant I’alm- 
gh conceit cr*tnman« with frustrated ambitions whn resented the mnuntinc 
•I'erentiallv inlluenee of (Bail-tone and the radicalism of Bncht in the I.il>cral 
adsorption parts Powerfi'tlly snp|>ortcd by John Ih.idcus Delano tq.i.i in 

. the polar the 7V»r. r. they could rely upon "a last rally of aristocrat* of the 
y silica pel W hig decadence." in which heirs to pcrraccs. notably I.onl l.lcho 
anil I.onl (Irosvcuor. played a prominent part; and they were 
drr of their followed by irrlain memliers for small constituencies who reared 

»c prcniuc tho «»C ihtir ... . ,. 

0 the tern- I he Adull.mutc revolt \va< «yroptom.it»c of the division' within 
til.tr -ample Liberali-m after Lord I’almer-tims death, ami fme«lnd.w ,,l liter 
civntv of a -tic"loll- to lnii-crvali-in. However, its smcc-s was short lived 
ii therefore and the group ‘i-m rlis-olved. Po|iular demand tor reform, pre- 
cletailid in- viotislv lunitnl. had been -Imply stimulated by the lull - rlst-at: 
r adsorlient and iii l>tw tlinr recent ally llviijamm Di-rach. im-viI a mveh 

more tlra‘lic mea-iire. thv -i cihuI Reform art t .A I ‘ 

■cits SIH-Cial ADULT EDUCATION, in it* br.ii.l. -t *en*e .. »■* •">' 

nmiiuoidv |oif. oi !i - . • 1 ' "t pn '1 a ■' for in ' ' • 

Mg ■, women I:., in-. 01 Ihv *.o|k- ol tin* meaning, the lum -h I 
1 equivalent mam -|»nd intiipntali.Hl* e.uh built on a comeptmti of the 
lw solution, learning pro..*, a l.ist.n.i d uiox.imnl or an m-i.tui.oi.al ts.tn-rii 

m exchange A,lull ..lion .leal- will, tint whole s|s.n ol III. wht.li Ugms 

when iliildh.I 1 - Ml l«hiii.l ,i:i«I iiniiuii. - until .b ath Ihv ma¬ 

ture ih-e-ou pa-. > tliiou several slag. * th.il n. IN ihaps a* clearly 
dilfer.nl tan.I a- ate the various periods of ihildh.Hiil He lives 
elir ion ex- in a soii.il .Innate that iiiiluenm. his values and sh.i|ie> the melh- 
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"Ray* I Society of London for improving natural knowledge," 
and ike charter of incorporation granted by Charles II named 
Boyle • member of the council. In 1680 he was elected presi¬ 
dent of the society, but declined the honour from a scruple about 
oaths. In 1668 be moved to London, where be died on Dec. jo, 
1691. 

Boyle's great merit as a scientific investigator is that he carried 
out ibe principles which Bacon preached in the Novum Organum. 
Vet he would not avow himself a follower of Bacon or indeed 
of any other teacher. He pcrformec experiments in the hope of 
effecting the transmutation of mela s, and he was instrumental 
in obtaining the repeal, in 16S9, of the statute of Henry IV against 
multiplying gold and silver. With all the important work lie ac¬ 
complished in physics—the enunciation of Boyle’s law. the dis¬ 
covery of the part taken by air in the propagation of sound, and 
investigations on the expansive force of freezing water, on specific 
gravities and refractive powers, on crystals, on electricity, on 
colour, on hydrostatics, etc.—chemistry was his peculiar and 
favourite study. His first book on the subject was The Sceptical 
Chemist , published in 1661, in which be criticized the "experi¬ 
ments whereby vulgar Spagynsts arc wont to endeavour to evince 
their Salt, Sulphur and Mercury to b- the true Principles of 
Things." He advanced toward the view that matter was ulti¬ 
mately composed of "corpuscles" of various sorts and sizes ca¬ 
pable of arranging themselves into groups, and that each group 
constituted a chemical substance. He distinguished between mix¬ 
tures and compounds and showed that a compound might have 
different qualities from those of its constituents. He studied the 
chemistry of combustion and of respiration and made experi¬ 
ments in physiology, where, however, he was hampered by the 
“tenderness of his nature" which kept him from anatomical dis¬ 
sections. 

Besides being a busy natural philosopher, Boyle was interested 
in theology, and in 1665 would have received the provostship of 
Eton, if he had taken orders. He learned Hebrew, Greek and 
Syriac in order to pursue his scriptural studies and spent large 
sums on biblical translations. By his will he founded the Hoyle 
lectures, for proving the Christian religion against “notorious 
infidels, via., atheists, theists, pagans, Jews and Mahommedans,” 
with the proviso that controversies between Christians were not 
to be mentioned. 

(.See also CtltMlSTRY: History of Chemistry.) 

An incomplete and unauthorized edition of Boyle's works was 
published at Geneva in 1677, but the first complete edition was that 
of Thomas Birch, with a life, published in 1744, in live folio vol¬ 
umes, a second edition appearing in 1772 in six volumes, quarto. 
Boy'e bequeathed his natural history collections to the Royal so¬ 
ciety, which also possesses a portrait of him by the German painter, 
Friedrich Kerseboonr (1632-00). 

See also references under "Boyle, Robett" in the Index. 

. See F. Masson, Koberl Boyle, a Biacrafky (1914); L. T. More, Lite 
a*d Works Ol the Honot-able Koberl Boyle (1944). 

BOYLE (Mainistm ka Bvillk), a town in County Roscom¬ 
mon, Republic of Ireland, 106 mi. \V N.W. of Dublin and 24 mi. 
S.S.E. of Sligo by road. I'op. (1961) 1,729. It is situated on 
both banks of the Boyle, a tributary of the Shannon, between 
laughs Gara and Key, at the foot of the Curlew hills. Three 
bridges connect the two parts of the town. Trade is mainly ag¬ 
ricultural. 

To the north of the town stand the extensive ruins of a Cistercian 
abbey founded in 1161 and tuppiesved in 1569. including remains 
of a cruciform church, with early Gothic and Romanesque arches 
carved in beautiful detail down the long nave. There is a large 
dolmen by the road lowaid Lough Gara; many prehistoric remains, 
including dugout (mats, have been found in the lake. Boyle was 
incorporated by James I. 

BOYLE’S LAW, a relation, discovered by Robert Boyle, 
lielween the pii-«urc, p, and the volume, t>, of a rv, viz . pv — 
constant, at constant lriri|ieratuic. AYc liuvir., K01 nr; Mm lie 

Theory or Matter: FA. Gas Laws; Tiiermouvnamics: Applica¬ 
tions to Ideal Cases , Elasticity : Hoyle's l aw. 

BOYLESVE, RENE (real name Kxk& Marie Aucvjste 


Tardiveau) (1867-1926), French novelist who influenced many 
other writers, including Troust, was born in La Haye-Descartes 
(Indreet-Loire), April 14, 1867, and was educated in Poitiers, 
Tours and Paris. His studies of both liberal and fine arts, science 
and law did not lead to his entering a profession. After ten years 
in unim|>ortant jobs, he wrote, under his mother’s maiden name, 
his first novel, Le Mcdccin dec dames de Nians (1896), in which 
the essential Boylesve is already to be found, and which anticipated 
Proust in style. There followed Le Parfutn des ties Borromies 
(1S93), a bitter book which he softened in tone and cut by nearly 
half in the definitive edition (1907). Sainte-Marie-dcs-Fleurs, 
an aptobiographical love story, had appeared in 1897. Then came 
the powerful series known as the romans touravteoux — Mademoi¬ 
selle Cloque (1899), La Becquce (1901 ), L’Enfant a la balustrade 
(1902; Eng. trans. The Child at the Balustrade, 1929) and La 
Jcune Fille bin cleicc (1909)—which, although ostensibly works 
pf imagination, reveal Boylesve as the historian par excellence of 
rural and u ban society in the west of France during 1870-1900— 
a historian and, at the same time, a poet. 

Mention should also be made of his most famous and least un¬ 
derstood work. La Lcqon d'amour dans un pare (1902), which 
purports to be the daring story ol an 18th-century love affair, but 
is fundamentally a novel about a child's education. His least 
known work, Le Bel Avenir (1905), is of interest because it was 
always his own favourite. His last novels were Mon Amour 
(190S), Le Meilleur Ami (1900) and Mpdeleine feune femme 
(1912; Eng. trans. A Gentlewoman of France, 1916) which is 
probably his masterpiece, though not his most attractive work. 
He also wrote many short stories, collected in La Marchande de 
petsts pains pour les canards (1909) and Bonheur a cinq sous 
(1917). Boylesve was elected to the Academic Frangaise in 1918. 
He died, Jan. 14,1926, in Paris. Among his posthumous works are 
Opinions sur le roman (1929) and Feuilles tombies, ed. by E. 
Gerard-Gailly (1927)—the latter an important fragment of his 
private journal, which shows nre critical and introspective gifts, 
and Profits littfraires (1961). (Er G.-Ga.) 

BOYNE (An Boinn), r riv:r in the Republic of Ireland rising 
in the Dug of Allen, near Carbcry in County Kildare, and flowing 
in a northeasterly direction past Trim, Navan and Slane to enter 
the Irish sea 4 mi. below Drogheda. With a total length of 70 mi., 
it is noted for its salmon fishmg and its lower reaches are navigable 
by coastal shipping. It figures largely in Irish history- The Bronze 
Age burial tumuli at Knowlh, Newgrange and Dowlh along its 
course are of the highest archaeological interest and importance. 
Slane is intimately associated with St. Patrick and will, the intro¬ 
duction of Christianity to nearby Tara, the scat of the Irish kings. 

Battle of the Boyne—On July 11 (new style; July 1, old 
style), 1690, the forces of King William III and the former king 
James II came to battle on its banks. James, failing to take Derry 
and Enniskillen, had left Ulster as a bridgehead to William and 
had wasted his best Irish regiments in England and France. He as¬ 
sembled in the Oldbridge area, south of the Boyne, 7,000 French in¬ 
fantry, some regular Irish cavalry and untrained Irish infantry 
and dragoons—altogether about 21,000 men. William led the 
Dutch Blue Guaids, two regiments of French Huguenots, some 
English, and contingents of Danish. Prussian, F'innish and Swiss 
mercenaries—altogether about 25,000 men. Fearing encirclement 
by William’s cavalry which crossed the Boyne at Rosnaret on the 
left and at Oldbridge toward the right, James fled hastily from the 
battle and from the country. The battle was William's but the 
Jacobite army successfully withdrew to carry on the war for an¬ 
other year in Ireland. The battle of the Boyne is celebrated in 
northern Ireland by Orangemen as a victory for the Protestant 
cause on July 12, which is actually Ibe old style date of the more 
decisive battle of Augkrim (p.v.). See Crand Alliance, War or 
the. (U. G. F.) 

BOYS’ BRIGADE, THE, was founded on Oct. 4, 1882, 
by William Alexander Smith (1854 -1914) for "the advancement of 
L lni t> lvi..^>l»:u a uni. - 1'.. ;• s, a:ul ;! .• promotion of 1: ' its cf 
Obedience, Reverence, Discipline, SclI-rcspcct and all that lends 
toward a trite Christian manliness.' As secretary of the Sunday 
school of the Free College Church mission in Glasgow, Scot., Smith 
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These two simplifying fids bring the properties of gaseous i 
le of matter within the range of mathematical treatment. The i 
telie theory of gase: attempts to account, in terms of the mo- ! 
ular structure of matter, for all the nonchcmical and non- 
■ctrical properties of gases. A brief statement of the methods 
i results of the kinetic theory of gases will be given first, fol- 
.ted by a brief consideration of the kinetic theory of matter in 
e solid or liquid state. 

THE KINETIC THEORY OF GASES 

One of the earliest triumphs of the kinetic theory was its ex- 
nation of the laws that had been found to connect the density, 
rssure and temperature of a gas. The kinetic theory regards a 
ass of gas as a collection of independently moving molecules; if 
esc are shut up in a closed vessel, molecules must continually 
.Hide with the walls of the vessel, exerting pressure at the moment 
collision, and the kinetic theory interprets the pressure of the 
,< as the aggregate of the pressures exerted by the various mole- 
iles when they collide with the boundary. A quantitative rela- 
an between the pressure and the molecular velocities is easily 
cained. 

Calculation of the Pressure in a Gas—The molecules of a 
is will be moving in different ways, but they can be divided up 
,to a system of showers, such that all the molecules in any one 
lower have approximately the same velocity and are moving in 
ie same direction. Let u, ti, u> denote the components of the 
flocity of any molecule in three directions at right angles in 
'vice, and let us fix our attention on any one shower, whose 
loleniles have components w It V], tr>j. Let us consider llic impact 
f the molecules of this shower upon an area 5 of the boundary 
f the containing vessel, and for simplicity let 5 be perpendicular 
l the lirection of u. Then each molecule of the shower that 
trikes the area gives up momentum mu to it before its motion 
i ihe n direction is arrested, and as it rebounds with equal 
rlodty it also acquires momentum mu in the opposite direction, 
o that Ihe total transfer of momentum is Imu. The number of 
lolecules belonging to the shower that strikes the area 5 in a 
—all interval of time dl is equal to the number that lay within 
distance u,dl of 5 at the beginning of this interval and so oc- 
epied a small disk of volume of the gas. If there are 
nolecules in unit volume belonging to the shower, the number 
tvide the disk was 5u,v,d/. 

Thus these molecules liansfcr momentum 2mu l l i> l Sdt to the 
irea S of the boundary; and the total momentum so transferred 
y the molecules of all showers can be written 

2m Sd^r,*, 3 + »»«»* + ...) 

'here the sum includes a term for each shower whose molecules 
':e moving with a component u directed toward 5. The sum 
i-a also be written 4 v li* where » is the total number of mole- 
'Jes-in unit volume and U 3 denotes the average value of u 3 
*ri the different molecules; the factor i is introduced because 
-h of all Ihe showers will be moving with a component u di- 
lt cted away from 5 and hence cannot contribute to the pressure 
■$.- Or, let C* stand for the average value of u 2 -4- v* + a/ 3 , 
n the square of the actual velocity, for all the molecules. Since 
* «•»* molecules will be moving in onv direction as in another, 
average values of u 3 , v 3 and to 2 will be the same. Hence 
'“J C 3 ; and the momentum transferred to the area 5 during 
interval dt is J wr SC-dt. 

>u»-:e the momentum transferred must be equal to pSJt, where 
f jt the pressure or force per unit area on the boundary, the 
l4 -ae of / is 

(l) 

'' llnt e Mr is the total mass in unit volume and hence equals 
r density />, expressed in grams per cubic centimetre, 

P-\> C* (a) 

• ■nee p and p can lie measured for any gas, the value of C 
~ n calculated. C is called the root-mean-square velocity of 
"* m °l*cules; the pressure would he Ihe same as it actually is 


if all the molecules were moving v the velocity C. The dis¬ 
tribution of the molecular velocities .till be considered presently. 
Some values of C at ij* C. arc as follows: 

Hydrogen Air Mercury vapour 
C In tm. per set. i 8 S,Soo 49.® 3 ° *®. 9 J 0 

C in ft. per sec. 6,190 ifii* *»» 

The Gas Laws..—It was found by Boyle that as a gas is com¬ 
pressed without change of its temperature its pressure increases 
directly ss its density. This conclusion follows from formula 
(a) if the assumption is made that C* depends only on the 
temjicrature. .The latter assumption can be shewn to be a conse¬ 
quence of the law's of dynamics. 

Furthermore, it was shown by J. A. C. Charles and by J. L. 
Gay-Lussac that when a gas is heated at constant volume its 
pressure increases at a rate that is the same for all gases. The 
pressure increases, in fact, in proportion to the thermodynamic 
absolute temperature T, as can be shown by a thermodynamical 
argument. Thus the laws for a gas as established by observation 
can be expressed in the single formula 

P-P RT ( 3 ) 

where R is a constant depending upon the kind of gas, or, as the 
equation is more commonly written, 

pv—RT ( 4 ) 

where v equals '/p and represents the specific volume or the 
volume of a gram. Let T be expressed in degrees Celsius (centi¬ 
grade). 

Comparison of formulas (2) and (3) shows that 

C*-3 RT (S) 

Thus the average velocity of the molecules varies in proportion 
to the square root of the absolute temperature. 

The Specific Heat.—The total kinetic energy of translation 
of all the molecules in unit volume is r(J»MC*) or ipC* or 
J pRT. Since p represents the mass in unit volume, ue energy 
in unit mass is } RT. This energy increases by the amount | R 
when the temperature is increased by one degree. Hence the 
specific heal of a gas at constant volume should be } R, provided 
the molecules contain no variable energy other than that asso¬ 
ciated with the motion of translation. 

The specific heat at constant volume is found by experiment 
to equal JR or }pv/T for helium and the other rare gases, whose 
moiecules consist of a single atom. For gases with polyatomic 
molecules, the specific heat exceeds } R except at extremely low 
temperatures. The difference is ascribed to the existence of en¬ 
ergy of rotation of the molecules, or of vibration of the atoms in 
gases having polyatomic molecules. 

The Equipartition of Energy.—According to a famous 
' principle known as the equipartition of energy, when a dynamical 
\ system is in statistical equilibrium at a given temperature T, the 
same amount of average kinetic energy is associated with esch 
' degree of freedom: i t., each independent mode of motion of the 
[ system. A molecule in translation has three degrees of freedom 
corresponding to the three mutually perpendicular directions in 
which it can move independently. It follows that in gases com- 
: posed of different kinds of molece’.'s, the average translational 
J energies of the molecules, or the values of iwC*,-should be the 
: same for all the different'kinds of molecules. When the molecules 
( arc actually mixed together, this conclusion can be verified by 
t an analysis of the effects of their collisions with each other. 
6 Even if the different kinds of molecules are in different vessels, 
the same conclusion can be reached by a more abstruse argument 
v based upon the Newtonian or "classical" laws of dynamics. 

" Since C* has been found to be projiorlion.il to the absolute 
, temperature T, it is possible to write for the average transla¬ 
tional energy of a molecule 
j JimC* — J JbT 

; where * is a constant of proportionality. The average kinetic 
j energy for each degree of freedom, according to the principle of 
s equipartition, is then a third of )»iC' or JiT. Since C* also 
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equals jRT, it is seen that t — »iR. The numerical magnitude of 
k, which is known as the Boltzmann constant or the "gas con¬ 
stant for one molecule,” is 1.38044 X 10 _1 * in centimctre-gram- 
second units. 

Soon after 1915 , however, it came to be realized that the 
classical laws of dynamics represent only an approximation, which 
is close to the truth in dealing with masses that are sufficiently 
large, or moving sufficiently rapidly, or subjected to sufficiently 
weak forces. The classical laws, one of which has just been used 
in calculating the pressure in a gas, arc sufficiently accurate for a 
description of the translational motion of the molecules in a gas; 
but they fail badly in dealing with the rotational and vibrational 
motions of the molecules. An adequate theory of the specific 
beat of gases composed of polyatomic molecules must be based 
Upon the newer quantum or wave mechanics. • 

Counting the Molecvles^-Since, as has just been seen, the 
quantity ImC* has thr ame value for all gases at a given 
temperature, it follows from formula ( 1 ) that the number of 
molecules in unit volume or * is the same for all gases at the 
same temperature and pressure. This remarkable fact is known 
at Avogadro's law (see Avogadro’s Constant.) 

The kinetic theory of gases does not furnish any reliable 
method of ascertaining the numerical value of ■>. The best 
method is to start from the well-attested fact that in electrolysis 
each atom of hydrogen carries an electric charge numerically 
equal to the charge on an electron, which has been measured. 
The total amount of electric charge delivered by a gram of 
hydrogen in being deposited electrolytically is also known. (Set 
Electricity, Conduction or: Conduction in Liquids.) The 
charge on a gram divided by the charge on an atom then gives 
the number of atoms in a gram of hydrogen; and this number, 
divided by 2 , is the number of molecules in a gram of hydrogen 
gas. This number again, multiplied in turn by the density or 
the mass in unit volume, gives the number of molecules in unit 
volume or r. It is thus found that in a gas under a pressure of 
one atmosphere and at a tempera.are of 0* C., 

r-a.^Xio 1 * 

In a similar way it is found that the number of molecules in 
a gram-molecule of any substance is NB—fi-oaXio". This is an 
enormous number. 

The Law of Distribution of Molecular Velocities._The 

molecules of a gas are not all moving with the same velocity. 
When the gas is at rest and free from disturbance, the effect of 
collisions between its molecules was shown by J. C. Maxwell and 
L. Boltzmann to be such that the molecular velocities soon come 
to be distributed in a definite manner. The gas is then in a 
steady or normal state. When this state has been attained, the 
statistical equilibrium is actually maintained in a very simple 
manner. Let us divide alt possible velocities into distinct ranges 

•» k, e .When two molecules moving with velocities 0,6 

collide, the collision changes the motion of both and they assume 
new velocities f>,q. Thus the collision takes one molecule away 
from each of the classes a,b and adds one to each of the classes 
P/I- When the gas is in its steady state, there occur just as 
many collisions of the inverse type, in which a molecule is taken 
from each of the classes p,q and added to one of the classes a,b. 
The statistical effect of the collisions is thus nil. 

The distribution of the molecular velocities in the steady state 
may be described as in fig. 1 . 

Confining our attention to one component of velocity n, it 
it found that the values of u for the different molecules con¬ 
form to what is called the law of trial and error—they are 
distributed at random around the value n = 0 according to the 
same law that determines the distribution of shots around the 
middle |mint of a line-target. T.i express the result mathematic¬ 
ally. if «, v, \o denote the three components uf velocity in three 
directions at right angles in space, then the number of molecules 
whose velocity is such that 

« lies between n and u+dn 

» „ „ «ami »-)</» 

w „ „ to and w-|-du> 



M IH.KII «f fMK c.Mimim Hill ' t 

no. 1.—THf caw or distriiution or velocities. thin cum nn 

CATES NUMBER Or UOLCCULES IN STZAOT STATE TOR LACK VUt'l 
VELOCITY COMTONtNT. THICK CURVE INDICATES NUMBER Of MOUf.. 
IN STEADY STATE rOR EACH VALUE Or THE TOTAL VELOCITT ( 

is found to be - 1 

N ( y 5 ) , e-*»CH-"+«) dud, dw 4 (i 

■i 

Here N is the total number of molecules and m is tie css 
of each, while A is a constant, which will be found to cerrr.c a 
the temperature. This law is commonly known as Mar.vtj t La 
of distribution of velocities. >. 

If we fix our attention on any one component of velocity, v 
u, disregarding the values of v and ra entirely, it is fotsd it 
the number of molecules for which this component lies terns 
u and u-\-du is \ .* 

■J 

N^le-Wds, * t 

This partition of values of u is shown graphically in the U. 

curve in fig. 1 . The numbers along the horizontal axis rrpm* 
values of ir, and the corresponding height of the thin cur.Y : 
proportional to the total number of molecules that taw ~ 
particular value of u in Maxwell's steady state. The wcc> » 
under this curve is equal to lOOVir, or 177.2S, of the snail sc-sa 
Let us, for instance, suppose that each of these srr.aii ag—' 
represents a million molecules; then we find that in » f* ! • 
177,150,000 molecules, rather less than 70,000,000 have vai:a ; 
u between 0 and 0.1, about 19,500,000 have values of a erms . 
0.1 and 0.7 and so on, while less than a million have n* 
between 1.7 and 1.8, and less than 40.000 have values ier* • 
2.4 and 2.S. These values of u are measured on an ai:<~* 
scale that has not yet been determined. But whatever the * 
on which u is measured, we see that high values oi u art * : 
rare, the majority of molecules keep to moderate values asi i 1 
favourite value of all is zero. 

In many problems the total velocity of a molecule is of p ; ‘ 1 
importance than its individual components. If c» is »ri::e 
u'+v’+w*, so that c is the total velocity of a molecule. “ * t 
readily be deduced from formula ( 6 ) that the total cua:^ • 
molecules for which t lies between c and c+dc is ‘ | 

This distribution of velocities is represented graphics."*' 
thick curve in fig. t. We see that both very high and veo 
values of c arc now rare, the favourite value lor c br>< k 

From formula (S) it can be shown by integration ' 
average of the square of the velocity of the molecules. »* ' ft r 
previously denoted by C : , is also equal to S'J* 1 : 
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Jjo equals fiT in terms of the Boltzmann constant k and the 
^Jule temperature T, it follows that 



Dalton’* Law.—Imagine that a gas consists of a mixture of 
a* of different kinds, so that unit volume contains a mass p, 

S one kind, pi of another and so on. The pressure on the 
Kjondary is now the sum of the pressures exerted by molecules of 
ji kinds. The pressure exerted by the first kind is piRT, that 
. .k, second kind is p<RT and so on; hence the total pressure 
f ii given by 

P “ PiRT + P2RT + ...•■ pRT 

tk.. 

rtere p equals p| + p 2 + ... and represents the total mass in 
oil volume. This formula shows that the pressure of a mixture 
of jases equals the sum of the pressures that would be exerted 
maratcly by the several constituents if each were present alone. 

Brownian Movement.—From the value k = 1.38 X 10" 10 it 
b readily calculated that a molecule, or aggregation of molecules, 
of mass 10"'* grams ought to have a mean velocity of about 2 
cm. a second at 0° C. Such a velocity ought accordingly to be set 
pin a particle of 10" ,a grams mass immersed in air or liquid at 
o* C, by the continual jostling of the surrounding molecules or 
(articles. A particle of this mass is easily visible microscopically, 
md a velocity of a mm. per second would of course be visible if 
teatinued for a sufficient length of time. Each bombardment 
till, however, change the motion of the particle, so that changes 
ire too frequent for the separate motions to be individually 
visible. But it can be shown that from the aggregation of these 
icpirate short motions the particle ought to have a resultant 
tio'.ion, described with an average velocity which, although much 
smaller than a mm. a second, ought still to be microscopically 
risible R. von S. Smoluchowski and Albert Einstein have shown 
that this theoretically predicted motion is simply that seen in the 
‘Brownian movement” first observed by the botanist Robert 
Brown in 1817 . From observations of the motion, values of 
i and N« can be deduced that are in fair agreement with those 
found by the method previously described. Thus the Brownian 
codon provides visual demonstration of the reality of the heat 
notion |iostulated by the kinetic theory. (5cc Brownian Mov» 
t*im.) 

Correction of the Gas Equation.—The laws that have just 
bra stated arc obeyed very approximately, but not with perfect 
i.’tutacy, by all gases whose density is not too great or whose 
temperature too low. Van dcr Waals in 1873 ascribed the im¬ 
perfections of the foregoing formula for the pressure to two 
cites: >- ■' 


tions roughly, but it cannot be made to fit exactly for any gas. 

Several reasons are recognized for the limited success of Van 
dcr Waals’s equation. The principal one is that the molecules 
ate not clastic solids and cannot even be said really to possess a 
definite size. When not too close together, two molecules attract 
each other; as they approach, this attraction increases to a 
maximum, then decreases to zero and is replaced by a rapidly 
mounting repulsion. Because of this strong repulsion when close 
together, 'the molecules behave in many respects as if they were 
hard objects having a certain size and shape. The equivalence is 
not exact, however, and no simple formula can be wiitten. to 
represent exactly the relation between p,y and T. In dealing 
with certain other phenomena in gases it is convenient to make 
the slme arbitrary assumption that the molecules are small 
elastic spheres. The properties of such an elastic-sphere gas can 
then be deduced, and they are found to agree in large measure, 
although never exactly, with the properties of actual gases. , 

The Free Path in a Gas—Let us regard each molecule of a 
gas provisionally as a small round shot. Each shot travels on in a 
straight line until it strikes some sort of target, after which its 
speed is changed and its direction of motion altered. Some mole¬ 
cules strike the target formed by the boundary of the vessel 
containing the gas; others strike another molecule. If the diam¬ 
eter of each molecule is a, two molecules cannot pass so close 
that the distance between their centres is less than a without a 
collision taking place, so that each molecule can be regarded as 
forming a target of area to'. If there are v molecules per 
unit volume, the number in a small layer of thickness l and cross 
section S is wS, and these form a target of total area ira-ftS. 
This quantity is proportional to I,-and for a certain value of t 
it becomes equal to S. When t has this value, the target formed 
by the combined molecules precisely fills up the whole mcjS, 
so that no molecule can get tbrou 1 ’*' ”"thout a collision. The 
value of t which makes *o : vlS equ. " is 


so that in traveling through a layer of this thickness in the gas 
each molecule will collide with some other molecule and have its 
speed and diiection of motion changed. 

The foregoing simple calculation requires adjustment, however, 
in several respects. The molecules are distributed irregularly in 
space, and allowance must also be made for the variation in their 
velocities. An exact calculation, first given by Maxwell, shows 
that the average distance 1 which a molecule travels before col¬ 
liding with another molecule is given by 



1 . The calculation has not allowed for the finite size of the 
tjlecules, and their consequent interference with one another’s 
•wtion.. 

2 - The calculation has not allowed for the attractive force 
between the molecules, which, although small, is known to have a 
existence. The presence of this force results in the molecules, 
% beo they reach the boundary, being acted on by forces in addi- 
lo those originating in their impact with the boundary. 

To allow for the first of these two factors, on the assumption 
*--t a molecule is a hard elastic sphere, Van der Waals found 
*hit v in formula (4) should be replaced by v — b where b is four 
b^es the aggregate volume occupied by all the molecules in a 
t-lm; to allow for the second factor, on the assumption that the 
'••taction is weak, he replaced p by p T a/v- where a is a new 
‘'■aslant. He thus obtained for the pressure-volume relation the 
*-tnous equation 

(>+£)(»-*)-RT 

'•Jcb is know'n as Van dcr Waals’s equation. 

This equation has the great advantage that it predicts a gen- 
‘ : -i behaviour of ga-cs under high pressure similar to that which 
* 'dually observed. (Sec Iajw-Tf.mio.hu i;xr: Pnvstc*.) Values 
143 he assigned lo a and b that make Ihc equation fit the observa- 


In ordinary air the length of the average free path is 
0.000006 cm. or tBa’oj y of an inch. Since the molecule of air 
travels at a rate of 50,000 cm. a second, it must describe 8,000,- 
000,000 free paths every second, and so collides with 8,000,000,- 
oco other molecules in each second of its existence. 

The individual free paths between collisions will be distributed 
statistically on both sides of /. The favourite length of free path 
is actually zero; in this case, a molecule stands almost still until 
another one strikes it. The frequency of free paths of a given 

length decreases as the length in¬ 
creases, and paths several times 
as long as the average length I 
arc rare. (See fig. a.) 

Conduction of Heat.—Dur¬ 
ing the description of any free 
path the energy of a molecule 
remains unchanged, although it 
• 1 a s 4 may gain or lose energy at a 

1 .—ihc cumvc nirm.se nis collision with another molecule. 
tmc hclativc h u muirs or Moicc- Consider the motions of molc- 



01 AH r RFC HATMS or VAHIOUS 
UNGUIS IHC LLNG1M IS tX- 
rmssiD IN 1CHMS OF THE AVta- 
ACC LCNG1M AS A UNIT 


ciiles in a gas in which the tem¬ 
perature is not uniform. Let one 
Layer AU of the gas be at a 
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This Invention relates to a process for the rc- 
rrovul of carbon n.ui.jv'ie from mixtures t.iore- 

of with hydrogen. ., , _ ... 

For the removal < f carton monoxide ,rom mix- 
tures thereof with hydrogen the technical proc- 5 
css principally employs the reaction cf the car¬ 
bon me :v.xldc wit.. Mc:.m, to *om «w*>n di¬ 
oxide mid hydrogen (water g»s oxluatton). An¬ 
other large scale h clinical process for the sc-pa- 
ration of such i.aseous mixtures depends Ul-cn H 
liquefaction by coollnu to a low temperature. 
Various other proci .such as preferential oxl- 
rtsilon cf carbon nvmcxale with oxyren. rccuc- 
t 1 n to ri'rth'ir.e c.r mrthanol, adsorption with 
cc- p.-r salt solutions or with caustic soda rolu- «• 
tic:>s are employed especially In order to remove 
bv : il sequent piuir.caMon the residual quanll- 
*jr$ of carbon mononiilc which remain behind 
■ !ioc wo,l of the caibon monoxide has been re- 
moved In (he aforesaid laryo scale technical - 
processes. The selective adsorption on so.id 
s -.;o. t a nets of iarre surface which stands so very 
i n *t~ 2 i «n the Ioj•* i*round in other Helds has hith- 
cilo not proved suitable for the separation of 
carbon monoxide and hydrogen. Perlcy does in¬ 
deed state (see V . S A specification No. 

1 1 :-G 91G) that certain metal oxide pels arc capa- 
h e of selectively adsorbing the caibon monoxide 
or.d carbon dioxide from a water gas mixture so 
that on charging these adsorbents to saturation 
technically pure hyrirog-n passes through un¬ 
bound. Viy driving out the adsorbate with ihe 
aid of x reduction of pressure which is prc.or- 
e.bly jllov.cd by an activation of the gels with 
hot air a mixture of carbon monoxide and carton 
dioxide in the ratio cf 8:1 is raid to be reesv- 
».ed. which only contains traces of hydrogen, 
nilregen and oxygen. Perley mentions us suit¬ 
able adsorbents, the colloidal oxides of the metals 
titanium, zirconium, vanadium, columbium. tho- 
ilmn. molybdenum, chromium, manganese, iron, 
cobalt, nickel, copper, beryllium, magnesium and 
the rare earths. This process has not however 
been utilhed commercially (see "lias Kohlcn- 
oxjd’ Dr. Jurgen Sohm'dt, Leipzig. Akadein. 
Vcr’ac -es. 1935. p. 13): even if It were capable 
of being carried out wiih the result indicated, 
the lack of technical success has apparently been 
due to the necessity of employing colloidal metal 
oxides, the life of which as adsorbents Is further 
shortened by the Intermediate heating. It ts not 
pc-iible to replace the metal oxide gels In this 
process by Insensitive adsorbents of the type of 
active rarbor, because the adsorption constants 
of the two gases In relation to active carbon l.e 


loo rear to one another at low wording tempera¬ 
tures. 

A process has been proposed for the separation 
of hydiogcn end carton monoxide with the aid 
cf adsorption agents of the tipc cf active carbon 
or of silica gel. In tills process the mixture of 
too two gas. sis forced Into the lUhorplion agents 
in tlic original propoilion of the components nnd 
a separation or enrichment is only produced by 
fractional desorption with the aid of a reduction 
of pressure whereby ;he adsorption agent re¬ 
leases tlv: gas mixture with reduction of pressure 
In Mich a way that in the lirsl fractions the diill- 
cultiy aihorbable liydrogm predominates, while 
in the lust fractions tlie more readily adsorb- 
able caibon monoxide predominates. In contra¬ 
distinction to this, by the present invcnllor. the 
problem is solved of r.cp.-rating mixtures of liy- 
diegen and caibon r.ior.o; Ide with t’.ic aid of 
r active charcoal or ndsorptl. t charcoal, so-called 
A-carbon. the most cm tom try and cheapest nd- 
sorlx-nt, by selective adsorption. hence to ntlrdn 
the object that tlic carbon monoxide tr. prefer- 
ential’.y retained on chaining whilst a very con- 
siderab’.e proportion -.1 the gas mixture Hows 
away unbound in this waking stage as a frac¬ 
tion rich in hydrogen, whereupon one or more 
fractions, in which tlic • at tan monoxide la en¬ 
riched. are released by (hiving out the adsorbate 
id with the aid of pressure reduction which the 
above process employs exclusively fer the sepa¬ 
ration of the two gases. 

The present process has the advantage that it 
does not cqulre the use of hi'.h pressure 1 -tight 
jj apparatus: that moreover ro-95'3 cf the thermal 
energy expended can !.<■ r.xot ere d whereby more¬ 
over the cooling is from the out. i t cheaper than 
compression. Moreover, the process Is also su¬ 
perior In its results to the known processes, espe- 
10 cinliy as regards the enrichment of Hie hydrogen. 

Accordingly, it Is the main object of this In¬ 
vention to provide a process for ihe removal of 
carbon monoxide from gaseous mixtures con¬ 
taining It accompanied with hydrogen, with the 
13 aid of selective adsorption on active carbon. 

Another object of the invention is to provide a 
process of this kind which requires only ft small 
quantity of adsoiption agent and ensures a gen¬ 
tle treatment of the same, both these clrcura- 
30 stances contributing to the economy of the 
process. 

It has been possible to obtain these objects In 
that the charging of the adsotpt’an agents pro¬ 
ceeding at low temperatures Is broken o:f in each 
53 charging opcistloa long before the adsorption 
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cqatJibrium li Mh.'.-cd. n !o,.:: , z the c.-iboo 
Is cciil fully :.ri-V; tko l.J dr-v^vr paorilrg 
through crnt.'.ui”. scry small QUsntitfjs c; se.r- 
bcn saerrcrld*. while nth t'.crer.sh"s saturation 
t*'« curve cf the carbon rnoivexlda content ln- 
crep'ej steeply until the r.d on:l!'’n frif-i’.'brium 
Is attained, Tite duration of the eJn'sJns steps 
Is therefore kept s:s short r.s po: :!b!e. The nt*. 
sorbrrie may lm completely driven out In a few 
minutes by cppicprlatc reduce 1 pu ire; even 
If only two f.«.s-,rpt!on chsrnbers ;,re provided, 
wb'ch e.-.o tet In operation iv!f<.n5.-.tcl7. H e ch.irg- 
lr.fr and ric-ck.-w,:!-.»• rttps cm hi caused to r.l- 
ternule In a period cf time of the order of min¬ 
utes. 

If the ftirlher rne-.-ura Ls employed of undcr- 
t.Vrins the pressure reduction In two or more 
sieps ana thus collect!!*.;; the el-so: I:-, la >.t free 
separately, as Ls known per ;-o. then also r. frae- 
(b n reliillvely poor In carbon monoxide m.-.y to 
ff-iv.i.drd t.s first running before the components 
ilch In carbon monoxide have P en driven out. 
Tills first running ti r.dvantncrous’y Jed bach 
Into the starting mixture before the latter enters 
the adsorption chamber. 

An embodiment cf the Invention will now be 
described by v.ny of example: 

A mixture of 33% 0 f hydrogen with 7% of 
carbon monoxide cooled to -EC* C. Is led over 
an arrive charcoal which Is prc-coolcd lo —SO* c 
Assuming that under the working conditions 
chosen (velocity of pr.s flow e.rnt the like), the 
adsorption equilibrium char.. .lie for this ers 
mixture Is set op after 10 minutes, that Is that 
after a charging time of 0 minutes the gas 
emerges with the same carbon 1r.0r.0x rile content 
with which the starting mlxttuo cntirs. then 
the mean value of the carbon mono'ride content 
of I he hydrogen freely pistlntt through during 
an entire charging process would amount to 
clout 4.f>%. in the first minutes however a 
more considerable propot Hon of hydrogen with 
1 to 2'f. of carbon monoxide escapes from the 
adsorption chamber. It the chance from the 
conditions of charging to the condition of driv¬ 
ing otf Is allowed to occur regularly at this polrt 
of time then the overwhelmingly preponderating 
quantity of hydrogen with l to 2"„ of carbon 
monoxide can be obtained In the adsorption 
phase as an unbound component. When ric- 
charglrg by suction when the pressure Is crad- 
unPy reduced to a reduced pressure of ICO turns 
50 r o by volume of a mixture Is released, the 
carbon monoxide content of which Is about cpial 
to that of the starling mixture. Ujxan further 
reductP.n of the |>res.ure to 10 nuns, the canon 
monoxide rentent In the dero.batc I..creases 
steeply wivh reduction of pressure to that, the 
mean value of Ihe CO concentration In the re- 
mtiluliig f-C't by volume Is neatly 10 (lines greater 
than Ihe eo::t"iit In the rt.artlng i.ilxtrre. Uy 
fractional desorption the dc.crbatc cm b* de¬ 
composed Into liie.e two fractiens. the f.rst of 
which Is arivantageou .ly led back Into the start¬ 
ing mixture In the path of this mixture to the 
adsorption chamber. If the whole descibnto ls 
collected together then Its CO content amounts 
to ROOUt 38%. 

The mein portion of hydrogen with 1 - 2 % 0 t 
carbon monoxide passing through unbound may 
If desired be brought to a lower carbon monoxide 
content or entirely freed from carbon usonoxMe 
by treatment according to any known chemical 
or physical subsequent purification tiethods. 
Tire portion of the d.soivnte rich In iftrbou js 
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tsonsxldc If freed, preferably by water gas 0 ::l .’*.- 
t.c.*.. feu: 1 crjbt'ii monoxide to the dralrcj rv"!- 
uj.l content, or carbon rr.rmexPIc Is extracted 
therefrom by H ..irf-ctlon by cooling to a low 
tcm.rj.aturc. or by treatment will copper salt 
criterion. After cutting otf the vacuum pries 
the active carbon Is ready fr.r adsorbing the next 
c.i.iry.c withc.it a 5i>.rla! rc-;».ctivat!ca b-!nsi 
necessary. It is suxlclcnt from time to time 
may be after 1!1 to ICO -worlrin? davs. to f-'ee 
tl.c^adsorbent by gentle heating tfo r example 
to 70- c.) from the ndmixturcs retained which 
are solid at the .'.cubing x:;yrr.turo nr.d do not 
txxco.' e. sMfOcU-r.tly Vph vapor j trv-.ue n ord-r 
to be removed b> reduced prew-u.. <f« r exam-"- 
water). Hence .t Is advardnecovs to work vrith 
Hire* adsorption chambers, r.-.ri, of which Is pro- 
vti.r.l with devices for heating and ccoilng. 

The clrcum.riar.ee. that as a re mit ..f the rapid 
alternation of the charging and de-chnrgi.-.g 
periods the quantity cf the adsorption agent o n 
be -o small that It only amounts to a fraction 
of the quantities g-ncall.v employed, contributes 
to the economy of the process, rtveauso of the 
sniAiI demand upon tlie active carbon. moreover, 
the life of Ihe I nter Is almost unlimited. 

A suitable apparatus tor retrying out the 
process of the Invention Is shown ulagiamrnaU- 
call;.- In the drawing: 

Referring to the drawing a conduit 2 toads 
from a gas holder I through a blower 3 to a 
cooler 4 v I tell cco!s the gas to a low tempera¬ 
ture .1 which Is c um.-clc J through conduit 5 
to an ..thorp'rion chamber G wh.Uh < ontains active 
charcoal. There are pros Ideal i»t lra.-t two r.d- 
rejp.jon charnb.rs which e.*e set in ojs r 'l—n 
alter irately, preferably however three, each of 
whi'h Is provided v.ltfi devices for hcutlrg and 
cooling. Two conduits 1 ami G branch otf from 
each of the ad: orptlon cha itt.ers G comic. led 
tide by side, 'tlie conduit 1 leads to a pas holder 
3. fio-n which the gas collected Is r* moved 
through the tube 10 whilst on the other hard 
the other conduit C leads to the surt'nn side of 
ii pump II, to the pressure side of which a con¬ 
duit 12 common to all the iiri-'n .on rh .tube rs 
Is connected, which folks Into ‘he conduits II 
nnd It. A two-way valve IE Is Inserted at the 
forking p'ace. Tv.- conduit 13 < p. ns Into the 
conduit 2 at a pcsltlni In front of the blower 2 
In the sense of thc.uirictlon of flo v. The con¬ 
duit It leads to n gas holder IG. from which a 
ce .ipr?.'-or IS mirks otr the collect, d gas through 
the c.' nriult II In .-dor to M-r.tl it through the 
conduit i3 Into the converting pk.nt 20 A pres- 
:-tr.: vcm-'I 22 Is cmiievU.I Into the lead-off 21 
of the convert‘n< plant. 

Tire plant works as follows: The* starting mix¬ 
ture Is sucked out of Ihe tar. 1 old.r I by the 
blower 3 anil pr. v.d lido lire co-dor 4 In which 
! '• coal. 1 by way of example *0 ■ 30* C. Prom 
here the mixture p. : cs Into an r.dvrpHott chain- 
ter S. the cli ir,;c of which is pic.oo'u'd to —50* C. 
Ourh.g this pr.'ces* ihe valve I* In the conduit 
7 Is C-Jen nr.d the salvo 8’ in the conduit 4 Is 
clo-.'d. so that the unbound mixture of carbon 
rr.oi-.cr.lrie i.v.d lo'drog.i er-tupinj can flow 
throwgh tl.c c.nduit 1 to the gas. m-ter 9 In wl.lch 
it Is e oilcctcd. TI.ij stream of starting mixture Is 
b 1 J ;r.tr, the c. v..1 a.Is'.tptli.n ckuiuber and 
t e t'r..‘. ch.imimr Is Connected by closing the 
v.he i’ and o;v :.h.j the valve 3\ with live pump 
II 'or (he purpose of do-charging. Until a cer¬ 
tain reduced yr .i.ire (for example ICO rtin-.s.) 
lta-s t ell obu.Ured a mixture is sucked off. the 
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carV.n monoxide cc.-‘:r.tcf v.hlchls about equal 
to that cf >:.o s.iitu.g mixture. -f 1 * 

. t, ». .« v-'ic’it thru.tub the conduit II <r.*o .ae 
o'Vr i’ng mixture titer the conduit K h' ; -- r h.' *» 
t>« e cj:v.vi. plan* V.-.s teen closed nr “te . ••<>- 
v.-ay valve 15. Iic.-evpon ’ey turning t '-- v «“® 

I f the c'.riuit id Is opened to the iss -ir. ein and 
lie .'•re is ccntinu. lly luitV.rr ie1»tecduj<>-I 
it: -ch-s a value of for trample 10 mr-.s. rhere- 
Lv a t : v mixture is driven cut vh.cn ccritr. is 
fi-ou; 50Vi cf rhon monoxide. This mixture 
j%-• ■ c* throu 'li the conduit It into the r,. s ho...cr 
IS f.om which it Is conveyed Ly tl-.e ccatpr •- .wr 
181’ to tin: cei vcrsicn piur.t to where the f .-.rev" 
i-’, «o-'.'o Is removed by water lias uxUmt'on to a 
rV-Wurl corsVnt of 2Vi. The purifie 1 pas after 
v , ,H,;r cut the c v.hon dioxide parses out of the 
'•'I'-jje vi •»! 22 thr; ugh tl-.e conduit £1 to the 


place of use. 

What I claim Is: 

t. a process for rcmovtr.s carbon l.-.oncxk.e 
frem a mixture thereof with hydrogen which 
comprises p -s-.'.ntT raid mixture Into context With 
activated carbon at a temperature of the orocrof 
mi-us 50* C. and thereby selectively ausofb r.it 
carbon mot-oxide from the mixture at. a men 
rutlo. with r. pcct to hydrogen. and thus pro¬ 
ducing an .'fluent r.rs emlched in hydrogen, col- 
i. ding raid ci.a'.nt ra.s. and discontinuing p.>s- 
.S.aao of said mixture prior to the time when the 
carbon monoxide content of the eb.uvnt «as in¬ 
creases suddenly. 


2. A process for retno.tn* cuixs ;.;o.-.c..l-e 
frcia a mixture thcrcsl with hjdrcnta which 
ccnip.-ists passing said rnlx.urc alurr.r. -./ in 
for, urate cycles through separate masses ol ac- 
5 Uvato i ctr.bca at a tc:.'.f.c.”tu.-c of the order of 
ni’ni '3 CO - C. and in each such cycle there.)? cf- 
fr 't’n? selective adsorption of carbon morws.de 
from tl-.e r.txturc at a high ratio, with n-.-eet 
to hydrsden. end thus producing an c -- «■£* 
10 enriched In hyriror.cn. ccdiectlng the c ’dent caS; 
and discontinuing passage of t o re .a the 

r-a's 'n use and par.-int; the ml..here to l-.e < It • 
mats Just prior to the tiy.e when the carbon 
Monoxide content cf the diluent ens Increases 

15 *** 3 ^ A pro ecus according to claim 2 bn which the 
mns-»s of activated carbon are subjected .o re¬ 
duced prt'ouro. after discontinuing paf-rpe of 
s.dd mixture, to thereby remove carbon r.ca.cw.de 
r q enriched adsorbate and condition the mass .or 

rC g J A proc-rs according to claim 2 in which the 
masses of i.elivated carton arc subjected to re¬ 
duced pressure, alter discontinuing pa-sage of 
nr raid mixture, to thereby tc.'i'.o o carbon monoxide 
" J enriched ac'-. ore ate and condition the masslor 
rc-UM?. saJcI prcwvrc rtiiuct!on beiiis npr-.»«.a in 
stores and the first rut ntngs comprising a frac¬ 
tion lds.it In hydrogen belli i passed into the ttart- 

30 lnE InlxtUre ' KONRAD ERDMANM. 
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This invention relates to Improvements In the 
separation ar.d recovery of chlorine from gas 
mixtures containing chlorine. Tlvi Invention 
relates particularly to improvements in separa¬ 
tion and recovery operations In winch chlorine 
is adsorbed from the r.as mixture on silica pel 
and the adsorbed chlorine is then separated 
from the silica p.el under a lower pressure than 
that prevailing duii’ig adsorption while the tem- 
peraturo level is maintained low enough to pro¬ 
vide a useful margin ol adsorptive capacity over 
the pressure iliflcrcnllal used. The invention 
provides Improvements in chlorine recovery and 
in an internally balanced cycle of operation. 

In carrying out such .operations, separate 
charge* of the s.hca eel arc successively used 
lor adsorption of chlorine from the os.s mixture 
and arc then subjected to desorption to sep¬ 
arate lire recovered chlorine and to make the 
charge of pel as", in available for the adsorption 
step. The adsorption may be carried out In 
twa or more tinges by raising the g.ur mixture 
Mirccr.'ivcly through two or mere charges of gel 
advanced at regular Intervals in countercurrent 
to the gas mixture r.nd then subjected to de¬ 
sorption. During adsorption, the temperature 
of the charges of gel vends to rise due to the 
heat of adsorption and during desorption tire 
temperature of the charges of gel tends to drop 
due to tire kert of vapovhation of the chlorine. 
The effective adsorptive capacity of the silica 
gel, r.nd conrequenUy the recovery of chlorine. Is 
limited by the temperature rise due to tire heat 
of adsorption as well as by the adsorbed chlo¬ 
rine. To balance tire cycle of such operations, 
the quantity of chlorine removed in the ad¬ 
sorption step must corrc: pond to that recovered 
in tire dcsvrptlcn stop r.nd tire net temperature 
increase of tire gel dining adsorption must cor¬ 
respond to the r.ot Vmp'.-raturc decrease of the 
pel during desorption. While refrigeration can 
he used to lower tire general level of tempera¬ 
ture of tiro operation, the low thermal conduc¬ 
tivity ..f rdlea gel lenders Indirect heat exchange 
lmil'crdve as a practical means of removing 
heat from a char ,e of gel. The present inven¬ 
tion provides r.i Internal thermal balance which 
Is not Impeded by the low conductivity of the 
silica a si nu l p jrmits Improved recovery of 
chlorine In such operations. 

According to this Invention, the cos mixture 
containing chtorbao is passed successively 
through silica ctl.iu a primary adsorption step, 
then tluov.h a cooler, and then through silica 
*cl la a Secondary adsorption step. The gel 


charged with adsorbed chlorine is transferred 
from the primary step to a desorption step In 
which chlorine is vaporiccd from the eel by re¬ 
ducing tlie pressure and the gel is cooled, by 
. v .poi bullion, substantially to a temperature at 
which Hie gel is transferred to the primary step. 
The gel partially charged with chlorine adsorbed 
hr Hie secedilaiy step is transferred to the prt- 
n aiy step to replace Hint trsnsioired to the de- 
sorption step. The gel from which chlorine has 
been separated in tno desorption step is trans- 
ierred to tnc secondary slop to replace that 
transicired to tlie primary slop. Tnc gas mix¬ 
ture parsing from the primary step to the oec- 
onclaiy step ,s cooled, in me cooler previously 
imms nen, siiUicientiy to maintain tnc tempera- 
tine of the gel transferred from the secondary 
step to tnc primary step substantially that of 
me gel transicired Horn Hie de sorption step to 
20 tne secondary step. An unproved recovery or 
cnlorine is citcctcd in inis secondary adsorption 
step. Also, tne cycle oi operation is internally 
balanced, making tne operation truly cyclic, in 
a manner winch eliminates me low thermal con- 
23 ductility of the silica gel as an im;*.dimcnt to 
the heat exchanges involved, lieat exchanges 
within tlie charges of gel me effected, in accord¬ 
ance v.itli tins invention, by the adsorption of 
chlorine, by me vaporization of chlorine, and by 
30 the gas mixtuie liseit passing liuough the gel. 
Ail thermal lactors witn respect to which me 
ihitiibution oi me heat exchange medium and 
.nc heat to oc aosorued are liucrated ore sub¬ 
stantially coextensive except lor tne cooling ot 
33 the gas mixture passing lrom me primary ad- 
sorpl.^n step to tnc secondary adsorption step. 
The cooling ol the gas mixture at tins point by 
conventional indirect heat exchange involves 
ho technical nimcuities and docs not involve 
tnc low conductivity oi tlie silica eel. Tne op¬ 
eration is witn advantage carried out with a 
scries of separate charges of silica gel which are 
at regular interests uanslcircd as such lrom 
t.rc desorption step to tne secondary adsorption 
step, then to the primary adsorpliou step and 
til' ll buck to the rie: orptiun step, each charge of 
gel having the acxo.ption step at u tempera¬ 
ture corresponding to tlie initial temperature 
0 q ot the charge at the beginning of each primary 
edsorpUen step in the cycle and par Sng thr iugh 
tlie secondary adsorption step without substan¬ 
tial change iu temperature. The residual gas 
mlxt.ro leaving ttie secondary ad option step 
(3 may be used. In Indirect heat exchange, to cool 
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ttve ccs nurture tuppliid to the prin ary adsorp¬ 
tion rtop. 

The invention will be further described in 
connection with the uccompanjlnrT drawing 
which Illustrates. dhucrnuimailcnlly uud con¬ 
ventionally. ore embodiment of the practice o' 
tnc Ih—.htloa Jn the drawing, Fig. 1 Uluitratui 
apparatus for carry ini; out tbe cycle of operation 
constituting tlie invention and Fig. 2. as t flow 
diagram, illisstrauc. one of the cyclically repent¬ 
ed rtaires of operation. 

Referring to the drawing; the cnlorlne-con- 
taVnlng gw mixture ruppUed tltrouch connection 
11£ fore ed through coolers 4, 6 uud P, connecllcn 
T end t\.o ol tlie three absorbers A, U and C 
charged with silica gel by mcRJis ol compressor 
•• A'tcr peseta c through the second ubserber, 
tho residual gas mixture Is either discharged 
through connection t or through cooler 6 end 
connection to. The cooler 4 may be supplied 
with cooling water and the cooler E may be sup¬ 
plied with dulled brine or otlier appropriate 
refrigerant, for example. The adsorbed cldorlne 
la vtpirted from one of the tluee absorbers A, 
B and C hy means of exhauster II through con¬ 
nection 17, the recovered chlorine being dis¬ 
charged tlirough connection II. After leaving 
the first of the two absorbers through which It 
passes and before entering the second, the gas 
mixture supplied through connection 1 passes, 
by means ol connections 14 and IS, tlirough cool¬ 
er IS. The cooler IS may be supplied with chilled 
trine or oilier appropriate refrigerant, for ex¬ 
ample. The several connections 1, 14, IS, and 
S—ID are manifolded to the three absorbers to 
permit the transfer, stage by stage as the cycle of 
operation proceeds, of the charge ol silica gel In 
each absorber to tire next rtep of the operation. 
The compressor S and the exhauster 11 may each 
be compounded and provided with Intercoolers as 
In conventional practice. If the concentration 
with respect to chlonnc of tlie gas mixture sup¬ 
plied through connection S Is so high that con¬ 
densation of chlorine occurs during passage 
through the coolers 4. S and S, provision may be 
made for separation of condensed chlorine from 
the gas mixture before the gas mixture reaches 
the absorb) is. The several absorbers A, B and C 
may be tlirrmmiy insulated and may be provided 
with refrigerated Jackets to reduce tlie general 
temperature level at which the operation Is car¬ 
ried out. 

In Initiating operation In the Illustrated equip¬ 
ment. for example, the valves To. 0b, llo. l(b and 
lie arc opened and the valves lb. Tc, Da, Dc, 14b, 
14c, 15a. 15c, 12a and 12b are closed. The oper¬ 
ating situation of tlie absorbers A. B and C will 
then be as Illustrated In F.g. 2. In this situation, 
the chlorine-oontining gas nurture may be sup¬ 
plied to ubsorber A under a pressure of from 2 to 
10 atmospheres and may be discharged from ab- 
soib'cr B at a pressure corresponding with the 
supply pressure and the pressure differential due 
to the flow tlirough the absorbers A and B and the 
cooler It. The absorber C may be brought, dur¬ 
ing desorption, la a pressure of from 0.1 atmos¬ 
phere to about 1 atmosphere, for exnmple. As 
the adsorption of chlorine by the charge of silica 
gel In absorber A proceeds, tlie temperature of 
this charge of gel rises from a temperature Ti 
to a temperature IV As a consequence ol -he 
desorption, the temperature of the charge of gel 
In absorber C is brought from the temperature 
Ti to the temperature Ti. The charge of gel In 
absorber B b separating additional chlorine from 


the £■<£ mixture leaving abssiter A, but In this 
secondary udiirptloo step the mein temper.'lure 
of ib.j chr rge of gel is tnclni vUicU substantially 
:.t Tj by cooling. In the cooler IP, the gas mixture 
S leaving ihe abeorb.r a before It enters the ab¬ 
sorber B to a U.-”.iiercture Tj such thut the iccid- 
ur.l gas mixture leaving the absorber B will carry 
tv.uy sufficient heat to maintain this temper¬ 
ature. When the charge of gel la ab.-mrber A 
10 reaches a temperature of Ti and the charge of 
gel In absorber B reaches a temperature of Ti. 
valves la, 9b, 14a, Kb and 12c ore closed nr.d 
valves 16, 9c. (4b, ICc and l?a are opened and 
Uie operation is rep uted, the cherge of gel in 
15 the absorber A being brought to a temperature 
of Ti mid the cliarge of gel In absorber B being 
brought to a tcuif nraturu of T« while the charge 
of gid In file absorber C Is maintained at a tem¬ 
perature ol Ti In this xtn-e. Iu the stage of op- 
20 crutlon first described, the primary ad-orptlon Is 
carried out In absorber A. the secondary adsorp¬ 
tion In absorber E end tho desorption in absorber 
C. and in the ficoud stage of operation the pri¬ 
mary adsorption is carried out lu sbsoibcr B, the 
jj secondary adsorption In absorber C and the dc- 
soiption In absorber A. tlie chance In position of 
the control VtIves between tlie first and second 
stages amounting to a transfer of tin. charge of 
fel from the desorption step to the secondary 
50 adsorption step, Irom the secondary adsorption 
step to tlie primary adsorption stop and from the 
primary udsoiptlon step to the desorption step. 
In the third sta«e of operation, the primary cd- 
sorplion Is carried out In absorber C. the sec- 
35 endary adsorption In absorber A and the desorp¬ 
tion In absorber B, arid the succeeding stages of 
operation continue In the same manner. The 
general tcir.peiaiun* level at v. Inch the operation 
is carried out may be fixed by fixing tlie temper¬ 
ed a lure Ti at winch the chlorine-containing gas 
mixture Is supplied to the primary adsorption 
step, or by controlling this temperature T« and 
the temperature of the rnrironn.ciit of the sev¬ 
eral absorb, rs. for example by refrigerated lach¬ 
es vts. This temperature T« Is controlled so that 
tlie temperature rise in the primary adsorption 
step equals the temperature .ail In the desorp¬ 
tion step. 

The several temperature* Just designated Ti. 
so ii. Tj and T« may vary considerably in varying 
applications of the Invention, particularly with 
varying concentrations of chlorine lu the gas 
mixture from wlilch It la to be separated 
recovered. In general, the initial temperature 
55 of tire charge of gel In the primary adsorption 
step is with advantage not higher than about 10* 
C., or better 0" C. or lower, this being tlie tem¬ 
perature previously designated Ti. The tempera¬ 
ture to which tho gas mixture is cooled between 
«3 the primary adsorption step and the secondary 
adsorption step. U.e temperature previously des¬ 
ignated Ti is lowtr than this Initial temperature. 
Tlie final temperature to which the charge of gel 
Is breugnt In the primary adsorption may !m as 
*5 mgb as 35*-40“ C.. or even higher, any cnlorlne 
escaping unadsorned at this temperature being 
separated from the gas mixture In the secondary 
adsorption. As applied to the separation and re¬ 
covery of chlorine from gas mixtures containing 
TO from about 10‘.« to about 35 1 * >by volume) chlo¬ 
rine, for example, the tempciature Ti may ap¬ 
proximate —20" C.. -25* C. for example, the 
temperature Tj may approximate 25* C, 40* C, 
for example, the temperature Ti may app.-oxl- 
75 mate —25* C., —37* C, for example, and t>»q 
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tompralure T« !". y sppxoxliiir.irr —10* C, —J5* 

C., for example, with wcrl'inj '."vsmvc-i rnr'ia 
from 30 r-tBrcsrlv-ws In the prim-ry ed'.rrpttaa 
step to 0.1 .Procsphere in tils dcscrp’.'on step- 
'the chlorine recovered Ire n the dcarpt'.en a 
step may. for t ‘:: 1 mfle, to Ilrvoilci in 1.117 cen- 
vcnilcn*:! manner. Vise process of this Invention 
lx P.'pitci'.V.j to fas mixtures contri.ii.og chlorine 
In ci.rcrntri’.iionx ranging frrm ts liti'a ex 10?1 
or V s to ex much ts i 0 ’;» end 1a1.ro, even to 10 
ccnc.irtrallens or the order of ?!i£*. As cpplltd 
to r>ir mixtures containin'.: chlorine In low con¬ 
centration. t!:o invention Lx particularly odven- 
teEvous bv.'iruse of the high iceoveric s it pro¬ 
vides. As applied to era mixtures centninlnif 15 
chlorine in ir 1 ,v t concentration, the invention is 
particularly i.'lrpnl'.ivor.x bocmisr of the hnl- 
anced cycle of 1 .pore, lion it provide 5 nolv.itlrsland¬ 
ing tlso ctmitii -1 hrut exchanges Ijiolvc.i i*s a 
coniiitr.e.ree of Hus lugli lic it oi adsorption of £0 
chlorine on sliica net. 

X claim: 

I. In the recovery of chlorine from gas rntt- 
tures conta.lnlug the :;ir.e, the Improvement 
which comprises pav ing the sirs mixture sucres- *3 
slvc’y through ciiiea r.el In primary adsorption 
step, a coo’er, r.nd ii’lc.i ltd In n r.crrne’r.vy adsorp¬ 
tion step, Hans'.;ring col charged with chlorine 
from the primary step to a Ucr»iplica rtep, va¬ 
porizing chlorine from the cel in the desorption sj 
step by reducing the pressure and thereby cool¬ 
ing the cel substantially to the temperature at 
which tl'.e cel is transferred ts the primary si p, 
trcnxfer. li.g r.el r 1 ; I illy chr.rty.d v.Hh clilorir.e 
from the secoralavy step to Hie primary a tap lo -5 
replace that transferred to the desorption step, 
transferring cci from tl.e desoipUon ctcp to the 


re-goadr.ry ctcp to rcplaou that tran'rorrid to the 
primary ct'.p. v".ri c-.i" r . the gas n.ti ‘.uro 7 ' ; I' S 
from the yir-.ry ri-p to the t-rec-ds / t’.ep 
tuf.lelen'ly to n> In!vn the temps rr.lv ro of the 
gel transferred from the reeond.aty dtp to the 
primary step Mibsivsl! - 'dy that of the g J trans¬ 
ferred from the derorptio v ctcp hi tire semndary 
step. 

3. In the recovery of ch'ortnc from era rrJx- 
turcs conVdnlng the same. the iniprot'croerat 
which cei'T'i’es Pih.'-.'.tiv? the cos mixture to a 
first treatment with * Slrst charge cf stile.*. Eel 
at a temperature Incic.t'iiu: from an Iniii. I tem- 
perat uc to a higher temperature. coding the 
yas mixture from that treatment oral sub.tecthJ* 
it to a reex-nil treatment with a rvcoid charge 
cf silica i l l i.t a temperature rppioxin-.rtir.j said 
initial L . .pa 1 store, subjecting a third charge of 
gel to desorption by reducing Ure p.'c sura and 
Urercby cooling the pel to f id hdtii.l h ‘cra¬ 
ter e, transferring tire second charge cf u.1 to 
the tlrst tre.-.lm.nt, trrms'crrlr.g the third charge 
to the second treatment and transferring the 
first charge to the c’csci ption. 

3. In tlie proems of claim 1. the Improvement 
which comprises passing the tax mixture from 
11.a secondary absorption si.'P In Indirect heat 
exchange with tire tvs mixture supplied to Ure 
primary adsorption step. 

4. Iu the proc-: » cf claim 1, tire improvement 
wliich con-.prL.cs ceirlroUing the temper .-.lure at 
width tl'.e chlor-irc-conlaii'ing gas mature Is 
supplied to tho primary adsorption step so that 
tr.a Icpip ist.ire rise in that flop equals the 
temper.it urc fall in tiro desorption slept 

KClilsItT D. 7 lAC.'.tULUN. 
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4 Claims. ( 

Tins invention relates to Improvements in the 
separation and recovery ol chlorine from gas 
mixtures containing chlorine. Tlv? Invention 
relates particularly to improvements in separa¬ 
tion and recovery operations in w inch chlorine 
is adsorbed froin the r.as mixture on silica cel 
and the adsorbed chlorine Is then separated 
from the silica pel under a lower pressure than 
that prevailing duiing adsorption while tire tem¬ 
perature level is maintained low enough to pro¬ 
vide a useful margin of adsorptive rapacity over 
the pressure differential used. The invention 
provides Improvements in chlorine recovery and 
m nn internally balanced cycle of operation. 

In carrying out such .operations, separate 
charges of the silica eel are successively used 
for n.droipUoii of chlorine from the gas mixture 
and i.re tlwn subjected to desorption to sep¬ 
arate the recovered chlorine end to make the 
charge of pe l again available for the adsorption 
step. The adsorption may lie cariicd out In 
twa or more rinses by passing the i;as mixture 
successively through two or mere chargis of gel 
edvaured at regular interval.! In countercurrent 
to the gas mixture end then subjected to de¬ 
sorption. During adsorption, the temperature 
of the charges of gel vends to rise due to the 
heat of adsorption and during desorption the 
temperature of the charges of gel tends to drop 
due to the hert of vaporisation of the chlorine. 
The effective adsorptive capacity of the silica 
and coiirriiumtly the recovery of chlorine, Is 
limited by the temperature rise due to tIre hent 
of adsorption as well ns by the adsorbed chlo¬ 
rine. To balance the cycle of such operations, 
the quantity of chlorine rtmoved In the ad¬ 
sorption step must corrc: pond to that rccuvcrid 
in the desorption step rod the net temperature 
Increase of live gel doting adsorption must cor¬ 
respond to the net ’emp'.ruturc decrease of the 
pel during desorption. While refrigeration can 
be used to lower the general level of tempera¬ 
ture of the operation, the low thermal conduc¬ 
tivity of silica gel rentiers indirect heat exchange 
ineffective ns a practical means of removing 
heat from a char ,e of gel. The present inven¬ 
tion provides t i Internal thermal baku.ee which 
is net Impeded by the low conductivity of the 
silica i. si and permits Improved recovery ol 
chlorine In such operations. 

According to this Invention, the gas mixture 
containing chlorine Is passed successively 
through silica gtl.in a primary adsorption step, 
then tlnough a cooler, and then through silica 
*et In a gccoad-nr/ adsorption step, lbs gel 


1. 1*3—114.2) 

charged with adsorbed chlorine Is transferred 
from the primary step 1 1 a desorption step In 
which chlorine Is vaporized from the cel by re¬ 
ducing the pressure and the gel is cooled, by 
- vaporization, substantially to a temperature at 
which the cel is transferred to tlic primary step. 
The gel partially charged with chlorine adsorbed 
Ur the secondary step is transferred to trie pri¬ 
mary step to replace that trsnsieired to the de¬ 
ni sorption step. The gel from which chlorine has 
been separated in tne desorption step is traris- 
jerred to tne secondary step to leplace that 
traitsicucd to tiic primary step. Tne gas mix¬ 
ture passing from the pi unary step to the sec- 
ondaiy step ,s cooled, m the cooler previously 
im-htfencd, suti cieiiUy to maintain tne tempera¬ 
ture . I tne gel transferred from the secondary 
st. p to tne primary step substantially that of 
me gel truiisicired aoin the desorption step to 
20 tne secondary step. An improved recovery or 
cnlorine is effectca In inis secondary adsorption 
step. Also, tne cycle or operation is internally 
balanced, making the operation truly c>cl:c, iu 
a manner winch eliminates the low thermal con- 
25 ductivily of the silica gel as on imjx diment to 
the heat exenuugea involved. Heat exchanges 
within tlic charges of gel aie effected, in accord¬ 
ance with tins invention, by the adsorption of 
cldorine, by tne vaporization of ci-.lonnc, and by 
30 in.; gas rmxtuie itself passmg through tne gel. 
Ail thermal lactors witn respect to which tne 
dullibulion or tne lical cxchauce medium and 
,nc licat to oc unsoun d are liberated ore sub¬ 
stantially coextensive except lor tne cooling ol 
35 the ci’S mixture passing lrom the primary ad- 
sorpt.on step to tne secondary adsorption step. 
The cooling ol the gas mixture at this point by 
conventional indirect licat exchange mvolvcs 
no technical niuicultirs and does not involve 
40 tne low conductivity or the silica get. Tne op¬ 
eration is witn advantage earned out with a 
scries of separate charges of silica gel which are 
at regular intervals transferred as such lrom 
the desorption step to tne secondary aosurptiou 
J step, then to tne primary adsorption step and 
tin-n back to the desorption step, each charge of 
gel having the acscrpr.on step at a tempera¬ 
ture corresponding to the Initial temperature 
50 ol the charge at the beginning of each pi Unary 
adsorption step iu the cycle and parting through 
the secondary adsorption step without substan¬ 
tial change in temperature. The residual gas 
mlxt.re leaving the secondary adsorption step 
may be used. In Indirect heat exchange, to cool 
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• he its nur ture supplied lo the vr\-.:\rj adsorp- 
tloa rtep. 

The fii.fulon will be further described m 
ctiD.net Jon with the uccompihjtnr drawing 
which Illustrates. uiaqrniaiuailcally cud con¬ 
ventionally. ore embodiment of the piactlcc o' 
the Invention. lu the drawing, Fig. 1 llluntratui 
apparatus for carrying out the cycle of operation 
ccn/jt'.tuiuis the invention cud Fig. 2, as e flow 
diagram. illustrates cue of the cyclically repent¬ 
ed rtaires of operation. 

Hefttrlng to the drawing: the chlorlne-con- 
talnlny gas mixture supplied through connection 

* Is forced through coolers 4, 6 and P, connection 
7 aud two of tlie three absorbers A. 1J and C 
charged with silica gel by metis cl compressor 
#. A f ter pr-ssinc through the second ubserber, 
the residual gas mixture Is either discharged 
through connection t or through cooler 6 cud 
connection 1C. The cooler * may bo supplied 
with cooling water and the cooler £ may be sup¬ 
plied with, dulled brine or oilier appropriate 
refrigerant, for example. The adsorbed cldortne 
Is vaporized from one of the three absorbers A, 
B and C by means of exhauster 11 tluouEh con¬ 
nection 17. the recovered chlorine being dis¬ 
charged tlirough connection II. After leaving 
the first of the two absorbers through which It 
posses and before tnlerlDg the second, the gas 
mixture supplied through connection 1 passes, 
by me;.ns cl connections M and IB, tlirough cool¬ 
er IB. The cooler 1C may be supplied with chilled 
trine or other appropriate refrigerant, for ex¬ 
ample. The several connections 1, IB. 16. and 
8—10 are manifolded to the ihreo absorbers to 
permit the transfer, stage by stage as the cycle of 
operation proceeds, of the charge of silica gel In 
euca absorber to tlie next step of the operation. 
The compressor I and the exhauster 11 may each 
be compounded and provided with Intercoolers as 
In conventional practice. If the concentration 
with respect lo chlorine of tlie gas mixture sup¬ 
plied tlirough connection S Is so high that con¬ 
densation of chlorine occurs during passage 
tlirough the coolers 4. S and 8 , provision may be 
made for -eparutlon of condensed chlorine from 
the gas mixture before the pas mixture reaches 
the absorb* rs. The several absorbers A. B and C 
may be thermally Insulated and may be provided 
with refrigerated Jackets to reduce the general 
temperature level at which the operation Is car¬ 
ried out. 

In Initiating operation In the Illustrated equip¬ 
ment. for example, the valves Ta. 8 t>, I la, 166 and 
lie are opened und the valves lb. 1 c, 9a, Sc, 116, 
lie, ISa. 15c, 12a and lib are closed. The oper¬ 
ating situation of tlie absorbers A. B and C will 
then be as Illustrated In F,g. 2. In this situation, 
the chlorlnc-oontlnlng gas mixture may be sup¬ 
plied to ubsorber A under a pressure of from 2 to 
10 atmospheres and may be discharged from ab¬ 
sorber B at a pressure corresponding witn the 
supply pressure and the pressure differential due 
to the flow tlirough the absorbers A and B and the 
cooler 1$. The absorber C may be brought, dur¬ 
ing desorption, to a pressure of from 0.1 atmos¬ 
phere to about 1 atmosphere, for example. As 
the adsorption of chlorine by the charge of silica 
gel In absorber A proceeds, the temperature of 
thla charge of Bel rises from o temperature Ti 
to a temperature Ti. As a consequence of .he 
desorption, the temperature of the charge of gel 
In absorber C Is brought from the temperature 
Ta to the temperature Ti. The charge of gel In 
absorber B Is separating additional chlorine from 


rhe g it mixture leaving abtorber A, but hi this 
secondary adsorption step the mean temper . 1 ture 
of ibo charge uf gel Is im.hu dried substantially 
at Tt by cooling. In the cooler 1 C, the gas mixture 
6 leaving the absorber A before It enters tile ab¬ 
sorber 11 to a tc.—.i>ercture T j such that Uic resid¬ 
ual gas mixture leaving the absorber B will carry 
tv.'uy sufficient heat to maintain tills temper¬ 
ature. When the charge oi gol in absorber A 
10 reaches a temperature of Tj and the charge of 
gel hi absorber B reaches a temperature of Ti. 
valves la, 9b, I ta, 166 and 12 c are closed end 
valves 76, 9c. 116, ICc and 17a are opened and 
the operation is reputed, the cherce of gel In 
15 the absorber A being brought to a temperature 
of Ti and the charge of gel lu absorber B being 
brought to a temperature of Ta while the cliarge 
of gel In the absorber C is maintained at a tem- 
Peratu t> of Ti In this stage. In the stag*' of op- 
20 eruilon first be; cribed, the primary ad.orptlon Is 
carried out In absorber A. the secondary adsorp¬ 
tion In absorber E end the desorption la absorber 
C, and in the recoin* stage o 1 operation ihc pri¬ 
mary adsorption Is carried out lu ahsoiber B. the 
„ 5 secondary adsorpfton In absorber C and the dc- 
soiption In absorber A. tlie chance In i»sition of 
the control valves between tlie first aiid second 
stages amounting to a tianster of tin: charge of 
gel from the desorption step to the secondary 
30 adsoi ption step, from the secondary adsorption 
step to the primary adsorption step <>nd from the 
primary udaoiption step to the desorption step. 
In the third stage of operation, the primary cd- 
.sorption Is carried out In absorber C, the see- 
35 undary adsorption In absorber A and the desorp¬ 
tion hi absorber B, and the succeeding stages of 
operation continue in the same maiuier. The 
general icmpeimure level at v. Inch the operation 
is carried out may be fixed by fixing tlie ten.per- 
4 y ftture T* at wluch the chlorine-coulalnlng gas 
mixture is supplied to the primary adsorption 
step, or by controlling this temperature V« and 
the temperature of the environment of the sev¬ 
eral absorb, rs. for example by refriferat.-d Jaci- 
45 els. This temperature T* U controlled so that 
tlie temperature rise In the primary adsorption 
-■.ley equals the temperature .Ail In tlie desorp¬ 
tion step. 

The several temperatures ,'ust designated Ti, 
r,o 1 2 . I*j and T* may vary considerably lu varying 
applications of the Invention, particularly with 
varying concentrations of chlorine In the gas 
mixture from vvliich It Is to be separated and 
recovered. In gtncral, the Udtliil temperature 
55 of the charge of gel in the primary adsorption 
step la with advantage not higher than about 10 * 
C„ or better 0* C. or lower, this being tlie tem¬ 
perature previously designated Tt. The tempera¬ 
ture to which the gas mixture is cooled between 
ea thc primary adsorption step and the secondary 
adsorption step, the temperature previously des¬ 
ignated Ti is lovir than this initial temperature. 
The tlnol temperature lo which thc charge of gel 
lr. brougut In the primary adsorption may In as 
53 nigh as IB'-KT C„ or even liighcr, any cnlorlne 
escaping unadcori>ed at this temperature being 
separated from the gas mixture In tile secocdcry 
adsorption. As applied to the separation and re¬ 
covery of chlorine' from gas mixtures containing 
70 from about 10',. to about 35V >hy volume) chlo¬ 
rine, for example, the tempeiature Ti may ap¬ 
proximate -20* C.. -25* C. for example, the 
temperature Tj may approximate 25* C, 40* C, 
for example, the temperature Tj may approxl- 
75 mate —25* C., —37* C., for example, and the 
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Imp rature T« nvy approximate —1C" C, —£5* 

C., lor example, v.-rtli retain.; "Warn rrng-'ig 
from 10 .-.tsr.rsr----.i-* «n the pri-r-T id.rrptlaa 
step to 0 1 ..•re.csphere in the Jc-t.rp'.’oa step. 

'I'i-.e chic.-lne recovered Iren the dcorpticn 
step va.y, lor (’ iirple, he lle'.lodC'l hr *.Ti7 cen- 
vcriiiCMi pv-.nncr. Vj-.c proeexi of this invention 
la i»;v.i!c&lilv- to cm mlstunss co:itr!ol.ns chlorine 
In c ncrntruiionx rroilej from car Ut"e p.' 10“^ 
or !e-.» to nx r-neh u tO',1 i-.rui I'.-.oro, even to 
ccnr.iitrailcns of the order of ru-;l . As replied 
to r-ir mixtures containing chlorine hi low con- 
crntrntlcn, tl:.r inv.-ntion Is l.uicu'.-.riy lulvan- 
tr coons bw'iiu-u of the high recoveries It pro¬ 
vides. As : I ;j ' I to or -3 mixtures ocntninIniT 
chlorine In h* h concentration, tl e invention is 
particularly i.'Went-r't ov.s horseii-. : of the hnl- 
auccd cycle >.f operation it provides notwithstand¬ 
ing the . ul .tulilb l hr tit exe.ue.URts i.ivolvc.l ns a 
continue..co of the high licit oi r.d.-cipUon of 
chlorine on s'.itc.a rcL 

I claim: 

1. In Ll-.e recovery of chlorine from gas mix¬ 
tures oont.shrine the crtr.e, tl-e Improvement 
which comprises pi.-clng {lie r.r.s mixture socers- 
.sivt'y throurli cillctt r.cl In in' :j»ry ndrorption 
step, a cooler. Mid t-iMcr. r. 1 Pi a cccoudavy adsorp¬ 
tion step, ti r.nsf. aim; pel charged with, chlorine 
from the primary step to a Uc.-oipticn stop, va¬ 
porizing chlorine from the c<'l In the di.' oryiion 
step by r< ducii-R tile pressure and thereby erod¬ 
ing the gel sub ,t: ntially to the temperature at 
which the pel is tra:.- ferrcil to the primary si P. 
transfer,!!-.;; r.il 1 i liiily chart; 1 <1 t.Hii chlorine 
from tin- secm.i'..iy rl p to ll-.e ptf-nury stop to 
uplace that tier. fcrreit to the dc. oiptlon step, 
transferring ecl from Use dcsotplloa step to the 
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s -npdr.iy step to replace tl'.a.t trr.n'I*rrrw to the 
primary rt-.p, red cc-'llpg the a an a.‘a ‘era r r ' r 5 
Irc-m the primary rip to the t.-cc*'dar/ step 
euCVicntly to rr-lnt-.'n ;he t.-roperal-.-ta of the 
B pel trtwferrol f acr.i the reconrary etc.o to the 
primary step subily that of the U 1 l.-ans- 
ferred from tl-.c Ueaorptio i step to the s-'Pmtl.ary 
step. 

3 . In the recovery of ch’orlne from rr,5 r.ix- 
10 lures emit -inlng the r.'.ac, the lr.ii'ro-.-cmeat 
vliich cc-mp-i-ej mhj-.r'.tivt the c*s mixture to a 
llrst treatment with a flit charge cf cilic.--. pel 
i-.t a temperature incrf.i-au: from a.n Ini:i l tem¬ 
po fat-ire to a hidh.er 1 1 .ayer-hire, cociln.’C the 
15 ass mixture from tha.t tre-ilnsent end Mih.IectitJg 
it to -'c*- , n<l tmit T.itU r'.’CO vi ivjr.rjo 
of silica ill i.t a te:.-ipen.lure rpptor.ln-.rtlr.j said 
inlti: 1 i :.:.pct :ture, subic.ting a third ciu.rro of 
ccl to liosoriitioii by reuiiafv; th.o pre 'lie tud 
20 Unreby roolang the pel to s dil 'nit! .1 ti .i.'cra- 
li'ic, t ra.naf*.'! ring the .arc a r.d charge cf Lil to 
the first tn . tiniut. t-.u's'fciiii R Uae tl.iad c.l-.arco 
to the second treatment and transferrins the 
first chr.rre to the desorption. 

*5 3. In th.e proev-s of claim 1, the Improvement 

*.! !ch comprises prsr'R,: the gas mixture from 
the secondary Siiioifboit si.-p in indirect host 
exchange with tl-.c cas mixture supplied to the 
pritna.iy adsorption, step. 

y 4 . iu tv.-.; pi-ue-- ; of claim 1. the improvement 
which comprises coulndiii-.g the temper.-ture at 
which the chiori.rc-cunl .‘i in<i gas mixture is 
supplied to the pri: wry r.d-: option step so thet 
tna tcniy-Moture rice in liir.t rtr? icjs's the 
■s temperature fall in tho dc.sorptioa slop. 

F.CbtntT 13. 'JIC.'.TULI.IM. 
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This Invention relates to pas dryers and more 
particularly to such gas dryers as ore used to 
dry the gases used for protective atmospheres in 
the umicullng of ste.l, although r.ot limited 
thereto. * 

Jn tiie annealing of steel the eases which are 
used for protective atmospheres are usually of 
such a nature that they require more or less com¬ 
plete drying before being used. When the pro¬ 
tective atmosphere comprises nitrogen gas, or hi 
nitrogen containing small percentages of de¬ 
oxidizing gases such as carbon monoxide or hy¬ 
drogen, it is particularly Important that there be 
a very low water vapor content. It has been 
customary to dry these gases by means of re- 15 
frigeratlon, thus condensing out water vapor; or 
by using desiccants such as activated alumina, 
silica Jell, etc. Frequently desiccants arc used 
following refrigeration. 

Desiccants of the type described possess the 20 
property of adsorbing water vapor onto their 
surfaces in quantities up to 5 to 15'{ of their 
weight. The residual water vapor content of the 
gas to be dried may be reduced to 0 . 01 M- or less, 
depending upon the particular desiccant, the 25 
quantity of incoming moisture, and other factors. 

It is customary to employ two containers or 
adsorber towers containing the desiccant, and to 
operate one tower while the other is disconnected 
and subjected to heat In order to drive off the 30 
water vapor. After the water vapor is driven off. 
the desiccant Is cooled to a temperature suffi¬ 
ciently low to permit satlsfatcory operation and 
Is thi n ready to dry additional gases. 

Drying equipment of the type described Is not 3S 
entirely satisfactory due to the difficulty In heat¬ 
ing and cooling the desiccant. It is usually the 
practice to embed heating and cooling colls in the 
charge of desiccant. The heating means may be 
gleam. eUclrtclty, etc. In other coses, the dcslc- jo 
cant is heated by blowing hot air or hot com¬ 
bustion gases through it. Cooling is accom¬ 
plished by colls embedded in the desiccant, or. by 
external cooling colls through which air or other 
gas is circulated. The principal objection to 
these systems is the length of time that Is required 
for reactivating, contamination due to air or 
combustion gases, and the difficulty In maintain¬ 
ing the embedded heating and cooling surfaces. 

It is among the objects of the present lnven- so 
tton to provide an Improved gas dryer w ich Is 
not possessed of the shortcomings of ttv prior 
art. as netted hereinbefore. 

Another object Is to provide a completely 
clused system of f class described, together 45 
with means for prt entlng the entry of a.r or 
other contaminating gas. 


The foregoing and other objects will become 
more apparent after referring to the accom¬ 
panying spcclllcatlon and drawing, in the latter 
ot which: 

The drawing is a flow diagram Illustrating an 
arrangement of equipment suitable fur carrying 
out the methods of the present Invention. ( 

_11 1 ~ Ihn Hroa-iil" 
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Referring more particularly to the drawiiio. 
the apparatus of the invention takes the form of 
a unit comprising a frame, not shown, on which 
there is mounted a pair of vertically extending 
desiccant containers or drying towers JA and SB 
which are disposed In adjneent relationship and 
constructed and arranged for easy access to the 
interiorly disiiosed desiccant A gas inlet mani¬ 
fold 5 extends horizontally between and connects 
the upper ends of the drying towers 3A and IB. 
the said manifold being provided with a gas lmct 
pipe G and valves 7A and IB located at either 
side of the pipe 6 . A dry gas outlet manifold fi •. 
extends horizontally between, and connects the 
lower ends of the drying towers 3A and 3B. valves 
IIA and IIB being provided for disconnecting 
said towers and a gas outlet pipe 10 being con¬ 
nected to the gas outlet manifold at a point 
which lies between the said valves IIA and I IB. 

The above arrangement Is conventional. It 
permits one' tower to be placed In drying service 
and when the desiccant In this tower becomes 
saturated shifting to a second tower, thus unin¬ 
terrupted drying service Is obtained. The satu¬ 
rated desiccant in the first tower is reactivated 
during the time the second tower is In drying 
service. 

The unit of the present Invention Includes an 
improved reactivating system including un ex¬ 
ternal convection heater 11 and an external 
convection cooler 11 through both of which gas 
may be circulated os by means of the pump or 
blower IS which is shown as being intermedi¬ 
ately disposed. The heater 12 and cooler 14 may 
be combined as a single heat transfer surface, 
or they may take the form of separate units, as 
shown, which I prefer. ... .... 

The towers 1A and 3B arc connected to the 
outlet side of the heater 12 through a pipe 20 
and a common header 22. Located In the header 
22 and on cither side of the pipe 20 arc discon¬ 
nect valves 24A and 24B. The towers are con¬ 
nected to the inlet of the cooler 14 through a 
pipe 25 and a common return header 26. Dis¬ 
connect valves 2SA and 28B arc provided In the 
header 26 on either side of the pipe 25 Pipe 27 
of relatively small bore connects the dry gas 
manifold 9 to the Inlet side of the cooler 14. The 
pipe 11 can be termed a purge line which sup¬ 
plies fresh dry gas to the reactivating system A 
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pressure relief valve 2 S Is piovided in the return thiough the cooling heat exchanger, ar.cl ndtii- 
hc-aUtr 26 between the valves 2SA and 22B. The t: mul steam to be removed by condensation In 
relief valve 28 exhausts to the atmosphere and the cooler. This will allow a somewhat greater 
!s set to open at a pressure above atmospheric rate of reactivation, since the fan or blower It 
but below tlie pressure of the dry gas supplied wouid be operating at a low temperature and 
from the heater 9 through the puree line 21. In is able to circulate a erer.tcr mass of drier pas. 

this manner tiic water removed from the desic- The Heat required for reactivation Is no*, greatly 

cant is gradually expelled from the reactivating increased by this modification since during the 

system. An oritlce plate can bo substituted for major portion of the reactivating time the ma- 
the relief talvc 29 if desired. I 0 iority of the heat impel ted to the gas by the 

The-normal cycle of operation is ns follows: heater 12 is used In vaporizing water from the 

The deoxidizing gas enters the drying appara- desiccant, i. e . the gas which enters the tower 
lus through the common inlet connection C and r.t about €00- F. leaves at about 200 to 2f>0* F. 
Is directed into one or the other of the drying The system thus far described, including tfic 
towers. In Figure 1 valve IB is shown closed jj modification thereof, is a single stage system 
and valve 1 A Is shown open; the gas to be dried insofar as the desiccant is concerned end re- 
ls. therefore, directed into tower 3A. The gas quires that the temperature of the entering wet 
then passes downward through the desiccant bod gc.; be low enough so that the entering tempera- 
wherc the water vapor content is absorbed and tuie plus the rise in temperature due to con- 

leaves the tower at the bottom from where tl *s densation of moisture on the desiccant docs not 

directed into the common outlet connection 10 . “ exceed the eilectivc operating temperature of the 
valve 11A being open and I IB closed. Normal riisiccant as a moisture absorbent, 
operating procedure is to use one tower for dry- The entering temperature of tlie wet gas Is 
lng while the other tower is being reactivated. commonly reduced to ait acceptable value by the 

thus insuring a constant flow of dry gas to the oj ute of a conventional retrlgerating machine 

annealing furnaces. which, as such, forms no part of the present In- 

V.'lien the desiccant in tower JA becomes satu- vention and accordingly Is neither shown nor de¬ 
rated, a suitable procedure for the operation of scribed. 

the hereinbefore dt scribed apparatus is to close When using the apparatus of the prior art. it 
the gas inlet mid outlet valves, IA and IIA, anil *s extremely difficult to determine when the 

open valves IB and il’3, thus bringing tower 3B desiccant is approaching saturation, since usu- 

lnto drying service. At the same time valves 24B ally the moisture content of the exit gas re- 

aud 28H are closed and valves 24A and 28A are mains at an extremely low value until satura- 

opened which will cause Ute gas remaining in tiou of the d.siecant occurs, and then rises very 

tower 3 a to be circulated through desiccant con- sr| rapidly. The teachings of the present invention 
talner of tower JA and the heat exchangers ' contemplate the control of the time In drying 
tl*—by means of the blower 16. The heat service by means of conventional teinperaturc- 

cxchcngcr 12 Is controlled to heat the gas to some measuring devices which are located at various 

maximum temperature, usually 600" F . when ac- levels in tie desiccant to detect the level at which 
tlvated alumina Is used as the desiccant. The maximum adsorption occurs by measuring the 
hot gas heats the desiccant. As the temperature ‘ temperature difference between the said levels, 
of the desiccant approaches 200" F.. water vapor For example, thermocouples SGA and 57A. end 

Is given off in very large quantities, almost pro- 353 and 37B or other temperature-measuring 

portional to the amount of heat applied, so that devices may be embedded in the desiccant at two 

a mixture of steam and gas leaves the tower 3A different levels near the exit end of the towers 

at the bottom thereof through header 26. 43 3A and 3B, respectively. The thermocouples 

A portion of this mixture Is bled oft through J6A and 37A ior 36B and 37B when to-.ver fB 

the relief valve 29 and Is replaced by fresh dry is in drying service) will read substantially the 

gas from the header 9 through the purge line 27. same until the zone of maximum adsorption 

The steam Is, therefore, gradually replaced with passes the first of the two or thermocouple ] SA 

dry gas from the purging Inlet connection. As «0 At this time. Its temperature will drop, while that 

the drying of the desiccant proceeds the temper- of the thermocouple IIA which is nearer the 

atuie of the gas leaving the tower rises. When exit of tower 3A remain at a higher tempera- 

the gas leaving the alumina reaches a predetcr- ture. thus indicating that the zone of adsorp- 

mined temperature of, for example, 650' F. (in- lion is between the two and near the exit end 

dlcatmg that all of the desiccant has approached 65 of the tower A. 

or exceeded this temperature). the drying is sub- In addition. It Is also proposed to automatically 
stantlally complete and the heat Is turned o!T turn off the heater 12 during reactivation (when 

and cooling is started, as by turning water into the exit gas reaches the de.-ired temperature), 

the cooler M. Cooling Is continued until the eas turn on tlie cooling water, and automatically 

leaving the desiccant reaches a temperature low co switch the inlet, outlet and recirculating valves 

enough to insure efficient adsorption of the water when the adsorption zone reaches a predetermined 

vapor, lor activated alumina, tills temperature level in the drying tower by means of these couplta 

Is 63 to 100 F. When this temperature Is at- and conventional control equipment not shown, 

trdned, tower 3A is ready for drying service, and While 1 have shown and described certain spe- 
tower 3B can be removed from drying service and os rifle embodiments of my invention, It will be 

its desiccant reactivated. Means for measuring understood that these embodiments are merely 

tlie temperature of the gas in the pipes 20 and 25 for the purpose of Illustration ar.d description and 

are provided; such means are well known to the that various other forms may be devised within 

art and have not. therefore, bees shown the scope of my Invention, c.s defined In the 

The above mode of ojieration is .necessary when to appended claims, 
the heater 12 and tlie cooler 14 arc combined in I claim: 

o single unit, however, as previously stated, I 1 . The method of providing a continuous supply 
prefer to use separate heat transfer units for of dry gas wherein at leant two containers of 

coollnri and heating as this permits water or desiccant arc UM*d, which method comprises 

other cooling medium to continuously flow 75 mg the wet gas through a container of active 
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desiccant while reactivating a - cor.d ront'.lncT 
of moisture saturated tit Secant, said reactivating 
-.it p Inciudinr heftUns a portion ol the -as to a 
l-mpt ratuic sufficient to vaporize moisture in 
tho saturated desiccant. IndUr iliculaunR said s 
heated pas thiuugh the moisture saturated dene- 
cant to vaporize said moisture, gradually puntmt 
said t irrulatinu pas of vaporized u'.oe.tutc by eon- 
Unually blecdin<:-oit a portion of the r.as after 
it leaves the couiulner of desiccant being reac- 
tlvated and replacing said bkd-o!T portion v ith 
ill y nas lsMirng from the container of active des¬ 
iccant: raid l.i Rtinr, forced circulation and purs¬ 
ing beinK continued until substantially all niois- _ 
ture Is removed from the desiccant being reac¬ 
tivated, and then cooling the veacUvalod desiccant 
to its operating temperature by continuing the 
forced circulation and purgins •.vhile cooling t ie 
circuit ting p**. . o C 

2. The method of providing a continuous supply 
of drv ras wherein at least two containers of 
alumina are used, which method compiises rais¬ 
ing tho act gas through a container of active 
alumina while reactivating a second container of 
moisture saturated alumina, said reactivating step 
including heating n portion of the gas to a toin- 
perature of about GOO F.. forcibly circulating said 
heated gas through the moisture saturated alu¬ 
mina to vaporize said moisture, gradually purging ^ 
said circulating ca> of vaporized moi'iure bs’ con¬ 
tinually bleeding-off a portion or the gas after it 
leaves the container of alumina being reactivated 
and replacing said blrd-oir portion with dry gas 
Issuing from the contain' r of active alumina, 
said heating, forced circulation and purging being 
continued until the temperature of the gas leaving 
the container of alumina being reactivated ap¬ 
proaches the temperature of the gas entering said 
container, and then cooling the reactivated 
alumina to a temperature of about 100" F. by con¬ 
tinuing the forced circulation and purging while 
cooIIur the circulating ras. 

3. The method of providing a continuous supply 
of dry gas wherein at least two contatneis of 
desiccant are used, which method comprises pass¬ 
ing the wet Rax through a container of active 
desiccant while reactivating a second container of 
moisture saturated desiccant, said reactivating 
step Including heating a pot tlon of the gas to a 
temperature sufficient to vaporize moisture In the 
saturated desiccant, forcibly circulating said 
heated furs through said moisture saturated 
desiccant to vaporize said moisture, blecdlng-ofl 
a portion of the moisture containing gas after 
it leaves the container of deslcct.nt being re¬ 
activated and replacing said blrd-olT portion with 
dry gas issuing from the container of active 
desiccant whereby the valorized moisture is 
gradually purged from the circulating gas. cool¬ 
ing the circulating gas to further lower Its mois¬ 
ture content; said heating, forced circulation, 
purging and cooling being continued until sub¬ 
stantially all moisture Is remove2 from the desic¬ 
cant being reactivated and then discontinuing 
the heating but continuing the forced cltculatlon. 
purging and cooling until the temperature of the 
reactivated desiccant Is lowered to its operating 
temperature. 


4 Tin- method ' I providing a continuous supply 
of drv gas wherein at hast two containers of 
alumina arc used, which method comprises pass¬ 
ing tie- wi t P.as through a container of active 
5 alumina while reactivating a second container of 
moisture saturated alumina, said rractivatin. 
to including heating n portion of the gas to a 
temperature of about GOO' F.. forcibly circulating 
raid heated fas through said moisture saturated 
10 alumina to vaporize said moisture, hlccdtne-oft 
a portion of the moisture containing gas after 
it leaves the container of alumina being 
r ated and replacing «u!d bled-oil portion with dry 
ra*. Issuing from the container of active alum.na 
is whereby the vaporized moisture is R>actually 
•"irged from the circulating gas. cc.o.ing the clr- 
i.minting gas to further lower its moisture content; 
said heating, forced circulation, purging and cool- 
mi: being continued until tho temperature of the 
20 gas b nvir.g the container of alumina being reacti¬ 
vated approaches the temperature ol the gr.s en¬ 
tering said container, and then discontinuing the 
heating but continuing the forced circulation, 
pmelng and cooling until the temperature of the 
«, reactivated alumina is lowered to about 100 F. 

5. Apparatus for providing a continuous supply 
of dry Kas comprising at least two containers o. 
desiccant, a wet gas main, a dry gas main, a heat 
exchanger a blower connected in scries flow rcla- 
30 thmship with said heat exchanger, means for 
selectively connecting said containers to said gas 
; mains, means for selectively connecting said con- 
| tatners to said heat exchanger and blower, means 
‘ connected to snid last named connecting means 
; ;s for bleeding-olf moisture containing gas. and 
means connected to the last named connecting 
: means for replacing said bled-oil cas with dry gas. 

' 6 Apparatus for providing a continuous supply 

* of dry res compiling at least two containers of 
1 to desiccant, a wet gas main, a dry gas main, ft 

heat exchanger unit adapted to heat gas. a blower. 
e a heat exchanger unit adapted to cool gas, said 
heater, blower and eooler units being connected 
y . in series flo.v relationship, means lor selectively 
f 45 connecting srU! containers to said gas mains, 
means for selectively connecting said containers 

* to said heater, blower and cooler units, means 
connected to raid last named connecting means 

K for bleedlng-oft moisture containing gas, and 
a CO means connected to the last named connecting 
ie means for replacing said bled-ofl gas »ith dry gas. 

* WILLLIAM H. DAILEY. Jn. 


REFERENCES CITED 

The following references are of record in the 
flic of this patent: 

UNITED STATES PATENTS 

, n Number Name Da . te .„„„ 

60 1.063.656 Hartman.June 21, lf*32 

. 2.083,133 Moore_June 15, 1937 

2,160,831 Colby ft al._June 6. 1939 

2.359,660 Martin et al.-Oct. 3. 1944 


Number 

520.709 


FOREIGN PATENTS 

Country Date 

Germany__ Mar. 13. 1931 












DEPENDANTS' EXHIBIT M( 5 ) 

19 . Kahle German Patent No. 871,886 and Translation 





- t - 


'/ 




(I'Jio-.'S ‘ 


E-141 

Sun A 


-y.z, ./ />!/ .r , Vv/ ) 


“** iC1 »* *-;uf Grund cies Ersicn Qbcrleilungsgesetzes von; G. Juli 19-iP 

. (S. 17 Ji 

t S'■>< '/:•/ . '4; •/ •'/ y 

BUNDESR£PUBL1K DEUTSCHLAND 


'P v‘; c v- 

/V 

* / ' \ C - 

Vt: ■ W 

v 4 '_■, t.v 


DEUTSCHES PATENTAMT 

PATENTS CH RIFT 

JVr. o 7 1 886 


Y ■ . V 

' //j \ r/ • it' '■>) 
AUSGKGEEEX A XL 
26 . MAUZ 1 U 5 J 


KLASSE 12e GRUPPE 3o2 

(C(u. ’- J Q /0 j IV11,2 t-'Uf >J 


Dipl.-Chem. Sv.--Qna. Heinrich Kahle, Pullach bei Miinchen 

ist als Erlmdor tjenannt worden 

C.i ■> . He: ait J sl-i.t ) 


Gesellschaft fur Linde's Eismaschinen A.-G., 
Hollriegelskreuth bei Miinchen 
(ft il.-C t 


Adsorptionsverfahren 

Vj/u ■ r Pulpnlicrl ijn Ccbic: dor Deutschland vom 2. Juh 1942 an. . 

Dcr Zcit.aum \,6m 8. Mai Hi# 7&1uLl950' 

„ . ■+< > L<lu-'yjlUj / 5 y //3/ 

S/>/-4.1* c 

Palcntanmeldunij L,ek jni.tmumjlit am 27. SepteEiU r 19j| 

7.-«< cvd •jSvw^vy 
Patenterteiiung bcicanntgemaait am 19. Febtuar 1053 ' ' 


/ V />E f 


</. : /<l-. / 

Sc .,’. . 


Es :st bekannt, zur Enttcrnung odcr Gewinnung 
von Mischmigsbestandtcilcn aus Gasgcmisehcn Ad- 
sorptionsvc i ialtrcn anzuwendcn und init Adsorp- 
tioiisiinitclu go; u I lie Bchiiltcf, die sogciianmcn Ad- 
5 sorlxr. paarwcisc an/.uordnen, wo lot. o zum Zweck 
dor A .sorption mid Desorption |>eriodisoli uingc- 
.scital:v; worden. Hoi dor Desorption dnrch Spitlung 
niitich oinos Gases odcr durclt Evakuicrung wird 
das G..> in dor Regcj in entgogengosotztor Kirhtung 
o zur Gasstrdtiiung wahrond <les Adsorptionsvor- 
gango.-. "oiu.irt. Man war bi.shcr bestrebt, vor i!c- 
ginn jodes oln/.olnon Adsorptionsvorgangc:. das At. 
soiptit.nsmi;:cl n.ogliclist weitgehend zu dcsor- 
bicrcn. 

; RriimlungsgcinaC wirtl von dioscrRcgcl orbobiieh 
abgowichcn mid die Desorption zu ciuoin Zoitpm.kt 


| abgobrochcn, weIcher in dcr Xrikc des Zcitpunktes 
j liegt, boi dem die Boladmig dos Spiilgasei mi: dciv. 
i uosorbiorton Bo’s.a.idtcil abstnkt. ..or liiiolgcdcsscn 
! inir unvollkointnon dcsoil.icrto Adsorb* r wird an- ao 
i sciiliof.ond wiedor aui Adsorption ges* ..\w. ur.d 
i mdgliciist so lango lx:iado:i, ais or vol. ...;a‘..nw- 
j taiiig ist, uin ansrhlict'.cr.i! naoit ''msci. ;.;:;g tier 
j Adsorljor, orfinduiigsgoiiKi.. wio .or d 
I ko:r,motion Desorption ;.:iKrzog* u w. .. a. as 

Es .st o.'.-:o.bo. ....du. ,oa...bvti 

1 Vertai.ron dor rog-' :.o:..'.—.o . .# <: . ,o >e.:;st 

glcioiten Iledingmigoi. soitneilo. x.iocU i.otrioiis- 
j iioi..; ist als lx.i volikoninionor iXaorpttV... !Vr :>e- 
So,.. :orc Vortcil dos oiTinduii:;> .. ..don Wrtai.rer.s 30 
i I*'stein darin, dab iiir die tn.v<.li..i<iiun< i>- IzosOrp* 

, lion nnr wcuig Spitigas l»zw. I'.i.oigio gobran.i.t 
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Es ist Lckannt, zur Enticrnung odor Gcwir.nung 
von Mischungsbcstandtcilcn aus Gasgcmisehen Ad- 
sorptioruve 1 tiihrcn anzuwenden und init Adsorp* 
tioiisinittcln geiullic Bchiiltcf, die sogenannten Ad¬ 
sorber. paurxvcisc attzuordnen, wclcltc zuin Zwcck 
tier A .sorption und Desorption periodiseh utngc- 
schaltet werden. liei der Desorption dttrclt Spidung 
mtttcb eines Gases odor dutch Evakuicrung wird 
das C. •> in der Regel in eutgegengesetzter Kirhtung 
zur (ia».strdtuung wiihrend dcs Adsorptionsvor- 
iian.g" gciu'.irt. Man war bisher besircbi, vor ]!c- 
ginn jedcs elnzelneu Adsorptionsvorganges das Ad- 
soiptionsmiitcl inoglichst weitgehend zu desor- 
bierett. 

ErliudungsgeinaC wird von tliescrRegel erlieliiieh 
aligewiehcu und die Desorption zu einein Zcitpunkt 


abgebroehcn, welchcr in der Make dcs Zcitpunkies 
liegt, bei dem die Beladuug dcs Spiilgases :ni: detv. 
desorbierten Bcstandteil absinkt. . <er iniolgedesscn 
mir unvollkointneii tiosorbierte Atisorb. r wird an- so 
scitlieP.cnd wieder ant Adsorption ges. ..'.let ar.d 
mdgliciist so lange lA.-iadett, ais er vol. alone* 
iiiiiig ist, uin anschlicCem! nael; 1’nisei. ;.;ng der 
Adsorl/cr. erfindungsgema, wie ler d '..tiv./.l* 
konurteiK-n Desorption anter/eg- .; w. .• t. >5 

its ersie.... ar... Safi iA'ii .. • * > u. ier*...*.en 

Vcrtniimt der regc:.e.*.er:e .'. . •» ■er . .e soust 
gicieitcn iJcdingungei. seitticlie; s.iedi l,..;r:el)»- 
ist als t»ei vollkonunener jX»<rptie... Der be* 

su.elerc Vortcil de> erfnidungs.den Verrai.rens 30 

In'steiit tlarin, dall fur tiie ni.v<ili..nniin« n- Jze.sorp* 
lion nut wenig Spttlgas l<zw. Ki.ergie gebrausi.t 
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starko umwcndiR IS *’ 

Obw.,in crm.dunR-R* •>.;•!. nar .’.uvnl.Komunu 
■'.■-‘j- j’x:: wird, l.j.ir.i w;.!.>« nd des Adsorptions: ni ■ 

^ : t ,; C v;..- Rcit/mit (Adsmptiouswirkm.Rj 

d^Casc* wic on AiisciiluB an vine vollkommvne 
Desorption orreiciti werden. 

Ycrsucho '..r.l-oii erwiescu, da» '” r . «'i« '0.1- 
konuv.ii.e kciiWui.R •’■*'» Cases Wi Itiiul.R xv.o-.or- 
bolter Adsorption Wreits cine Scinent.anRc von i m 
2C :;;;v ; . I*ci Rrodcror Seine.;. l.u.Ro kann die I ni’ 
'"ch.a’.tur.R soltottc: vorRcnommcu worden. 

Dio Wk&antv:’.. tur Adsorption und Desorption 
aiiRcwciidiKn 1 iil: e.nal'maiumn, w.o kuhluns wu.i- 
rent! der Adsorption un>l Amvi.ilining oiler Drink 
jcnkuni', ovcnuicll auoli ui.u-r Atanospnarendrt.ck 
wiihrcnd dor Desorption u. cIrI.. Uonnon naiurlul 
auch Win. cri*niduiiR*Ko«naBon Vertahren .un/.;i- 
gezoRon werdon. Dio Rrsparnis an SpulRa* W.w. 
llncr«io iicstclit auch in dicson 1- alien, bs ergo x*n 

sicii somit im wcsc.tlicl.cn iolRcndc MoRl.cliW’iicn 
zur Durokiuliiun- dos crfnHlunRSRcm.ailcn Vo.’ 

"a^U'vim Wi ilor Ad- und Dosorpiion Rloiclic, und 
zwar iiiv.i Un»:iuton»|o*raiur<’n aiiRowcndct worden. 
so Rcni.Rl os, worn, das Sp..lRasvoll....cu das .V 
Ins siaclM dcs RoliRasvolumcns WtraRt. Dement j 

sproolicnd kann z. lb lx-i Ga S zcrlc«unKsvcr.akron , 

oin in don Strom dcs untor Druck stchcndcn ko» . 
■MSOS uosohaltotor Adsorber durch cin R.asiormiRcs 
entspaumes odor .inter Untordruok abRcsauRtcs 1 
ZorloRtu.Rsprodtik. RlcicWr Tcu.pcratur odor 4.«uu 
oinen Toil dcs-clWn desorbiert werden. Ui o | 
mvond -rolknDruikuntcrichicdon kann dann M»„ar . 
oin" Ted dcs beircftcndcn '/crlcRuitRsprodiiktcs, 
welches nioht /.uni Spiilen dcs AdsorWrs K ol.raucht 
wird, rein Rewound werden. Andercrscils »■« | 
liicrlaci die Anroiclierung dos dcsorbicrtcn U.iand 
teik - im S’>iili;as Ijcsondcrs hoch, was tur die even 
tuolk ..cwinmu.R dos Bes.andtcilcs Rnnst.g; j 

Dio so VortciUt Rcltcn zum led auch tur die nacl 

stehciiden MoRlichkcitcn. 

Id Wenn tur die Desorption one liolicic als 
Adsorptions- odc'r Uaumtemperatur ai.Rowo.uk 
wird. -• kann das SpiilRasvohin.cn we.tet orhehlnn 
m- .„in.;cri werdon. Fine Ten.|x:raturerliohi.uR von 
z >' liouut .oo'-orindRlicht cine lIcrahset/ui.R dcs 
Spi’.’.Rasv.ilun'.cns aui '/>. bis' •/.. des RoI.rus- 

' c.'sind die Gr.svohnnen bci der Ad- und De¬ 
sorption anniiliornd Rloich, so Reni.Rt fur dw De¬ 
ss lorption oincToin|x'raturorh6hmiR um ctwa 5 • ' or ‘ 
^^otzt. dad die Adsorption U’i Te.nperatu.en 
orioict. .lie nioht allzu stark von dor Kautn- 

toiniH’ratnr aby.’a’lion. . . . .i. 

,1, Krn.lR.li Ad und Dex..rpii..» 1«’« “elen Dm 
•r iilire- /. I’.. 1-ci im.’’ i.der darinitor. so mill, 
ween der schlcchleren DesorptionsindRliclikeil bo. 
diesen Temj«.-ra»uwn <b,s SpidRasvolu.no.. dar 
2,5 bis iofaclto des Uol.Rasvolume:* betraRen. Atul: 
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in ... «*iii i’.'dl orRibl sicn cine erne _ 

s „.,an SpiiiRas im VerR'.eicb zu .on .S;..:.R..s- 
nii : die bei v.iUk.muneiKi' DeM.rpunn ..".'r. 

Xacil ilein or■|"indt:nR>Roiii!.IWu \er.;..uo:l .s. '' 

„i.i.lich, die Ue.'lboladuliR dos roiv.;:;RU*i. »<a-os 
inr die Daner aui RoriiiRor ’h.l’.o /.»: ernattoii. 1 .vr. 
man Wort aui besoinlei s e i\e:n..e.i. >n .•• * 
os In-;in ortiiuli.iiRSRonialk . Vor:..:’.:ou nacn 0:1 
"V.u’.oion Auzahl von UmsehaliuuRen cine om- 
maliRo. starker^ Desorption Ixudor Ad-orlx-r .... o 
Anwondur.R einor RroCcrcn hpulRi.Mnoi.Ro o.kr 
ivii.orcr Tom;.-ra.urcn durcl.zu.unrou; . 

die-o zusi.tzliciio Desorption orlon.ei.iin 1 st, und. 
cicV nacl: del. jcwciliRcn Dotr.obsvodiapnissoi 
ric’ntcn. 1C* dnrfto aber kann. Talk* Robe.., 'lcr.cn 
cine 'Olcl.e /.usiuzlicbo Dosorpl.o,. utwr a > nai.i 
ei.dReu '..under. rn.scl.al.uuRen ononlorbcl. w.r. ; 
d 1. also, dad sok’1.0 zusatzl.o.K-n Des..i|.l.o.iiU i.i 
den crwiiltnten Ausnabmeiallcn ,.ur ... Ab,;an..en 
von n.oi.rcren TaRon oder Woel.o. ortonlerUn mu >• 

\n Hand dcr Rrap'nisehcn Darste.k.n^n (. 

- bis s) wird der Verlaui des Ad- und Do*ori...o..s- 
1 vorR.ar.Res U-i dent orfindunRSROtnaileu \ vnannn 
i i.n VcrRloich zu den bckan.uen \ ortaiuet. eiiau.c. ; 

' In samtliclicn AbbildttnRon stollon da. O.d.n.auu 
1 die linRe dos Adsorltcrs in StrdmunRsr.cl.tuuR und 
• die Abszisscn den lleladunRsRrad dar. "'.he. I*- 
! ladui.RSRrad 1.0 die max.male i{eia.lr.:.RM.« , Rli‘lt 
1 keit U-i einer Uslinunten Konzentrat:.... des zu .. I- 
! so.hicrc.ulcu T.cstaiidteiles nn U:i*. al*n• Aw -k ; n 
Partiaklruok dvr zu .absorb.eicinlen t J a*ko,n l s...v 1 .. 

| und dor Tcinperatur cntsproclionde . att.Rui „ 

I AdsorlK.is, lx’deutet. . „ ... . .. 

In \l»b. 1 stcllt die kurve 0.1 die l.i 1. dui.R. 
i iront am SchluC einer Adsorpt.o.-. en«...o > 1 . 0 . 

! wen,, das unreino Gas in l’ioilriclmmu s’.romv Am 
; unteron F.ndc dos Adsorltcns hcrrsc.ti also la 
ladui.R Null odor untcr Lmstanden and. 
lilssiRe lkladm.R (won., keine volbom."':’., 

ie.nui.R des betrelienden Gasbestrmd.e.ks U.dn, It 

ti-t ist). so dad bis zum letzten /.ctpunkt x.»r .nr 
Unwchaltung G.as Rowui.sclUer Rvu.non ‘ ■ 

AdsorUr austriti. OU'rl.alb des lunkas./ .. 

a ".s!.t r S,u zu—,..v- 

lX*sorptions|x-riodc lxi do.n iHK.ani'len c.ia.in. 
dar Der Adsorlx'r ist last vollMantuR c, tkadet, a.n 
( Wren lCndc des Adsorber* bei li horrsobi , 0 . 

!k 1, ein RerinRor Ikli.d.n.RSRradwabmut ; u 
Adsorber bis zur I lobe IJ vollk.mm.e.^ e-Hne.« 
ist, so we it dies durch das yerwendete 
licit ist. Die Fli.che H D h stcllt d.e Roit ab.m..,., 
dar, die in der RcrcI RcrinR ,*t. . 

W'iihrend U-i dem erf.ndunRSRema,.n ...•- 

am SchluB einer Adsorpt.onsper.ode ac«-- U A 
vim U’kam.tcn Vcriahron dor ‘.urcn .W . ..;.. 
Rcxtelltc Ik’ladr.iiRxzustaii'l :x *:c”. "'v ’’ k" 

R.n.i.u .ii. in’s.•.pi ... ^ . 

bis die Itelad.iuRs.ionl, fin; .» •>«'. Abb. ' • " 

Kurve O.-I da.RoMolll wird. '*•> / ! ,r l '“'' 
rAbl, at zuii.ckRoscl.obcu ist, woln’, das N'-'W • 
am olieron H..de ans den. A.IsorW-r t.rh ..... -no. 
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wcscnikcheii llek.iiung austritt. Svin Itchali ail .lein 
•!»•« •ri>icrtc:i i*•• >i11■ 1 11-1 1 uurdc aber aiiscids. 

!>••: .V.iiwiinliii.g ciitspi'ivliei;d ^iiil’iT Sunlg;.-- 
nun^in min' I...hirer Temperatureii merklivh :.!»- 
5 sinks'll. 

E■> koinm; liei der Durchiiiiirung i!»-r Eniuduiig 
nicht daraut an, dull dieser Zeiipuuk: /nr I'm* 
schaitung haarsciiari eriaiit wi: !. E» wird sich viel- 
im-lir ii.pieiihn, rinigc Z.i: dak Spiilgas /.u aii.ilv- 
io s.vren ;:iai zu warteit. ;•;> sv;u Geluilt an ikm 
desorbivrteii llc-taudteii ab-ink: nnd danach die 
zuccsun.tli^e Desorptionsdauer bzw. die I'mschn!;- 
zeit der !»ci leu Adsorber ieslzulegeii, cventucll (inter 
geringer Au'iiuziiug oder Veriiiugeriing des iiir die 
*5 i:iiv.,ilk..iiiiiH'iie Desorption eriniuelten Zeilraunles, 
je ii.iiialeni, ol» am" vollkommenc Adsorption oder 
gcringv Umso'naltvcrlnsto Wert gelegt wird. 

Die Flai'iie OACliU, Abb. 4 , stellt die iteladung 
dar, weiehe liei deni liekamuctt Veriahrcn naeli 
>0 jedent AdsorptioilsvGi’g.ing desorbiert werden muB, 
wahrctid die Elachc 0.1C I', Alili. 5 , die lleladu’ig 
dar>;el!t, wekdie heim Veriahrcn naclt dcrKri'mdung 
jewel N zu de.-orliiercn i.->t, woliei die Ersparnis 
flureii die Elaciic I'C Jil) dargcstcllt wird. Da nan 
as alier. wie U-reiis cingaugs criautcrl, liir gcringc 
Hcladungsgiadc scln viel inciir Spiilgas bzw. 
Encrgic znm Alihan glcichcr Hcladungsmengcii aui- 
gewendet werden muB, als liei vollcr lJcladung, so 
ergibt sicli die cingaugs erliiutertc wefentliehe Spiil* 
30 ga>- !>z.w. Euergiccrsparnis liciin crfmdungsgcmaRcn 
Veriahrcn. 

Ohwoiil das Spiilgas aus deni llehaltcr voll- 
heladen austritt, ist doth, wie der Linienzug J : C 
(Alili. 3 nnd 5) zeigt, ein groRer Tell des bclrelYcn- 
35 den Adsorbers, so we it dies (lurch das vcrwcndetc 
Spiilgas tnoglich ist, desorbiert worden, was tla- 
dureit errcieiit wird, dall dassellic Spiilgas, wclci.es 
his /.uni SciiluR aus dem Adsorber praktisch voll- 
lieladcu austritt, in dcnsclbcn am andcrcn Endc un- 
40 licladeu eingetreteii ist und dalicr dicscn Tcil des 
Adsorbers z.u desorbieren vermag. 

Abweichungen von den dargestelltcn Kurven, 
z. 11 . iiiner'lialb der Grenzkurvcn GH und JK 


(An!). 5 ) koiir.cn aus Ix'tficli.icnon tirur.ucn unter 
l hnsiiindcii m.iwcndig sei:i and >ir.,l i:n Mailmen 4; 
des eliindungsgeini.lilen Vei ia'aivi.s zuliissig. 


PatENTAN S P BCCII li: 

io 

1. \erfaiiren zur E:u terming oder Gc- 
wiiiuuug uilsorliicrharcr Kestandteile aus strd- 
inenden Gasgcmisclicii (lurch Adsorption und 
anseldieCer.de Desorption, dadureit gekenn- 
/.eiehnet, dad die Desorption zu cinciu' Zeit- 55 
punkl abgebrochen wird. wcloher in tier Malic 
des Zcitpuiiklcs liegt. liei dem die liclailu'iig des 
Spiilg.'ises mil dem desorbieilen llestandteil ab- 
sinkt. 

3. Veriahrcn nacii Auspriieh i bei Anwer.dur.g 60 
aiini.iiern.l glcichcr Temperatureii zur Ad- und 
Desorption, dadureit gekeiiiizeiclmct, dall das 
Spiilgasvolumeii das 1-, 3- bis Jiaohe des Koh- 
gasvolumcns lietriigt. 

3. Veriahrcn naclt Anspruch 1 liei Anwemhmg 65 

ciner Spiilgastcmpcratur, die annahernd tun co° 
holier ist als die Adsorptions- oiler Kaum- 
teni|ieratur, dadurch gekemizeicimct, d ill das 
Spiilgasvolumeii Vjo bis */au des Kohgas- 
volumcns betragt. 7» 

4. Veriahrcn naclt Anspruch 1 liei Anwcndung 

anniihcrnd glcichcr Gasvolumen iiir Ad- und 
Desorption, dadurch gckcunzcichnct, dall die 
Desorption hei nut etwa 5 0 hblicivr Temperatur 
crfolgt als die Adsorption. 75 

3. Veriahrcn naclt Anspruch 1 liei Aiiwendung 
tieicr Temperatureii liei tier Ad- unit Desorp¬ 
tion, ■/.. 11. unter — 1 oo°, dadurch gekenu- 
zeiclmet, daB das Spiilgasvolumeii das J-, 3- his 
toiaciic ties Uohgasvolumcns Iwtriigt. Eo 

6. Veriahrcn naclt Anspruch 1 bis 3, dadurch 
gckemizeiclinet, daB naclt ciner grolleren An- 
zaltl von Umsclialtungen lieide Adsor'ier ciner 
einmaligcn, starkcren Desorption durch Aiiwen¬ 
dung groBcrcr Spulgasmengen untl/oder htiherer 85 
Temperaturen unterzogen werden. 


Ilicrzu 1 blatt Zcichnungcn 









'•If, 


ft] 




Gorman Patent /A;i /1 ; Jnv.iiln* «nh! < ; 


It- is known that one can use adsorption proees-,: Cor Lho re¬ 
moval or obL.nini.njj of mixture component?? of gas mixtures by using 
adsorbers which are arranged in pairs and which are periodically’ 
switched for the purpose of ndsorpLion and desorption. Du, i m , de¬ 
sorption through purging with a gas or through ovacnaLi.ig, the gas 
OW is, as a rule, in the opposite direction of the g.e .'low dnri 
the adsorption process. Up to now, the aim was to desorb lho ad¬ 
sorption means (desiccant) to the greatest ex. out, possible prior 
to the oeginning of each adsorption process. 

This invention deviates from Ibis rule considerably and de¬ 
sorption is stopped at a point when the loading >f the purge gas 
with Lhe component that is to be desorbed is diminishing. The'ad- 
sorber, which consequently is only incompletely desorb, d, is sub¬ 
sequently switched to adsorption again and is being loaded as lone 
as it is capable to be loaded, and is subsequently, a'tor switching 

of the adsorber, again desorbed incompletely in accordance with 
this invention. 

It is evident, that in accordance with this invention, evory- 
be,ng equal, Lhe regenerated adsorber get- back into operueic 
quicker i ban with complete desorption. The special adv..utag» of 
the process per this invention is that for the incomplete de¬ 
sorption only little purge gas, respectively energy, is required, 
while for extensive desorption in accordance with Lhe known pro¬ 
cesses ..he required purge gas volume increases exponentially, or 
a high temperature increase is necessary. 

Although the desorbing in accordance with this invention i* 
only incomplete, Lhe same purity of the gas during adsorption can 
be obtained as after a complete desorption. 

Experiments have shown that for the complete purifying of lhe 
gas oy frequent, repealed adsorption, even a desiccant column of 
one meter is sufficient. By greater column lengths Lhe switching 
can take- place less frequently. 

The usual assists for adsorption and desorption, like cooling 
during ndsorpLi oriand healing or pressure reduction, eventually 
also less than aLmospherL« pressure,[duriug desorption etc., can 
of course be utilized in the procedure per this invention. The 
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rc'iH'ct i vc'Ty energy, < :<i st also 511 Lhcsc ' 
savings on purge gas., rc.^i ixl > . . c , Vi , i v exist 

cases. Therefore, the following posslbiUU.es 
in executing the process per the invention: 

n) If during ad- and desorption the s - a « f > t 

L ;Tf r ?he r p5r-. pni volume is one, two, or 
three 0 Umes the row gas volume.Accord,ugly £ * £ en 
fractionation process on adsorber 

in the stream ol r;)W o.ioti on product or a part 

sorbuil, by U1 \ , it nr wjs remove**I by vacuum, 

of it which is depressui r/cu - largo procure 

«t .»• some, • thi £r»“cl ^tion* .rocSot In 

cii 1 1.c*roiibi.a 1 t 1 I I j r ni . 1 011 rp »i{- oi cVil uv 

ouostlon, which U "OU needed Co , UK * othor 

’order can then -ven b« obtnrnc^pnre^ al , = 

particular! y high i",ng*Sf ’ the' component.' These 
^ ? ^4 V « l .S b ^ l S, 0 . Coe Che CO, icing 

possibilitics: 

b) If a higher 1 purge' gas 

iSK °bo reduced 

the raw gas volume. 

c) If the gas volumes during adsorption jnd^deborpt lncruQse 

approximately tne sawL, . nDDr0 ximaLely !i degrees, 

the desorption temperature by approxima^ ^ ^ a 

assuming therby that the a s P tl f rt ,.n the ambient 

temperature which does not vary greatly 

temperature. 

d) If the adsorption and/t^JnS^egreef o/lSor'^Lben the 
Tjeratures, for example 1 1 0 d g times Lie raw gas 

purge gas volume has j desorption conditions at . 

sc, joo Chore - 

^ r 2u^om n ?^l?o5 S w!2 i c^^'"Sc S o,pCion. 

In accordance with this Invention, it 1* ■*>«»>»'> “ 
residual loading of che purified d very -aU permauo • • 

one is concerned with especially high purity, .hen .1 -J _ 

in Phis invention to undertake a stronger desorption of hath ad^ 
sorters by means of a larger purge gas volume or a » ■ ^ 

ature one time after a larger number of cycles. - 

additional desorption is required depends on the resp-cU 
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alinji conditions, However, there hardly should be a rase in which 
such additional desorption is required more frequently than after 
a few hundred cycles, this means, therefore, that such additional 
desorption in the exceptional cases is only require I at intervals- 
of several days or weeks. 

On hand o n drawings l-*) the process of ad- and desorption of 
this invention is compared with the known process. 

In all drawings the ordinate represents the height of the ad¬ 
sorber it; the direction of the flow and absissa represents the 
degree of loading, whereby one is the maximum loading capacity at 
a certain concentration of the gas component which is to be ad¬ 
sorbed, in other words, representing the corresponding saturation 
of the desiccant corresponding to the partial pressure of the gas'-' 
component which is to be adsorbed, and the temperature. 

In drawing 1 the curve OA represents the loading fronl at 
the end of an adsorption period, with the unpurc gas flowing in 
the direction of the arrow. Therefore, at the lower end of the 
desiccant there exists no loading at all or under tie circumstances 
also a parial loading (when it is Lhe intention not to achieve a 
complete removal of the respective gas component.) io Lhal, there¬ 
fore, up to the very last moment prior co the cycling, gets of the 
desired purity can he obtained from Lhe adsorber. Above point A 
Lhe adsorber is fully loaded. 

Drawing 2 shows the situation at the end of til > desorption 
pweriod of the commonly known process. The adsober is almost en¬ 
tirely unloaded. At the upper end of the adsorber at B, there 
most times is still a small loading E, while the adsorber is 
completely .desorbed up to the height D to Lhe degree LliaL this 
is possible with the purge gas utilized. The area BDE represents 
the residual loading which as a rule is small. 

While the process at the end of the adsorption period under 
the commonly known procedure as shown in Drawing #1 is lhe snm<_ 
as Lhe process described in this invention, the desorption in 
accordance with this invention is only performed utiLil the loading 
front, which is shown in Drawing # 1 by the curve OA, is pushed 
hack to curve FC in Drawing #3, whereby the purge gas at the 
upper end of the adsorber leaves with sLilL a substantial loading. 
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The content oC closerbed componwni would, however, su.,-equont y 
reduce itself noticeably with utilization of correspondingty 
larger purge gas volumes or higher temperature. 

In the utilization of this invention, it is not critical 
that the point of switch-over be precisely determined. U- is, 
on the contrary, recommended to analyze for some Lime the purge 
gas and wait until Us conLent of desorbed component diminishes 
and then to establish appropriate desorption tjme, ro.-.pec 1 1 vc ly 
cycling time of the two adsorbers, eventually wlLh some shorten¬ 
ing or lengthening of the time interval for incomplete desorption, 
depending whether one looks for complete adsorption or small 
cycling losses. 

The area OACED, Drawing 4, represents the loading which per 
the commonly known process has to be desorbed after each adsorp¬ 
tion cycle, while the are. OACF, Drawing 5, represents the loading 
which has to bo desorbed per the process of this invention, where.,/ 
the savin- is represented by the area FCED. As previously ex¬ 
plained, for a low degree of loading,'much more purge gas, re- 
spectively energy, has to be used to remove an equal quantity o; 
lad than is necessary at full loading, therefore, the savings of 
substantial purge gas, respectively energy, in the proces., p 

invention, is clear as explained above. 

Although the purge gas is leaving the container fully loaded 

as shown in the'line FC of drawings 3 and 5, a large part of L e 
respective adsorber has been desorbed, to the extent that this is 
possible, through the use of the purge gas used. This was acheived 
because this purge gas, which leaves the adsorber practical y ru y 
loaded, entered the adsorber at the other-end unloaded, and there¬ 
fore was able to desorb this part of the adsorber. 

Variations from the pictured curves, for example within tie 
limit-curves of Gif and JK, Drawing 5, might be necessary for 
operational reasons and circumstances and are proper within the 
framework of this invention. 
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Patent Claims: E-149 

1. Process for removal or obtaining of adsorbablo compo- 

. neats <^f f lov/i ng gas rni.xLures through adsorption and 

subsequent desorption characLerizeu by the desorption 
being broken off at a point which is near the point when 
.the loadin', of the purge gas with the desorbabie compo¬ 
nent diminishes. 

2. Process per Claim "I using approximately the same tem¬ 
perature for ad- ami desorption, charac Lt ri zed by the 
purge gas volume being on, two, tnree times uhe raw 
gas volume. 

3. Process in accordance with Claim 1 using a purge gas 
temperature which is about 80 degrees higher than the 
adsorption for ambient temperature, characterized by 

the purge gas volume being V.30-V20 of Lhe raw gas volume. 

A. Process per Claim 1 using about the same gas volume for 
ad- and desorption, characterized by the desorption 
taking place at only about 5 degrees higher temperature 
, than the adsorption. 

5. Process per Claim 1 using lower temperatures at ad- 
and desorption, for example, below -100 degrees, char¬ 
acterized by the purge gas volume being two, five, to 
ten times the raw gas volume. 

6. Process per Claims 1 through 3 characterized by a stronger 

desorption by larger purge gas volumes and/or-higher 
temperatures after a greater number of cycles. 
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Es ist hckannt, adsorbierbarc Bcstandteile von 
Gasgemischen mittcls pcriodisch umschaltliarcr. 
•lurch adsorbatfrcics Spiilgas regenerierbarer Ad¬ 
sorber zu entfcnicn. Dabei ist cs in der Adsorptions* 
•' tectinik allgcincin iiblich, dafl Adsorbens nur bis zu 
ctwa 50 bis 7S°/o seiner maxitualeii Aufnahmefahig- 
keit, die als Glcichgcwichtsbcladung be/.cichnct 
wird, zu bcladcn. Der als Durchbruchsbcladung bc- 
zcichnete Wert ist dann crrcicht, wenn die Konzcn- 
o (ration des zu adsorbicrcndcn Bestandtcilcs int End- 
prndukt von ciueni kleincn konsianten odor nur 


wenig sicli iiiidcrndcn Wert plbizlich bescldeunigi 
anzusteigen beginnt. 

Das Hcstrebcn geht in der Technik stet-. d.diin. 
Hedingungcn aufzusuchru, bei ileuen die Auinahiue 15 
fiihigkeit des Adsorbens gesteigert wird. Dainpfe 
der Gasbestaudteile. deren lliissige Phase ancli bei 
gewbhnlichcr Teinperatur existicit. tvie die Dainplc 
von Wasscr odcr organischcn 1 -bsungsiuitteln, wer 
. den bcrcits iiei gewbhnlichcr Teinperatur dnrch Ad an 
sorptionsmittel, wic Gel, so lcicht adsorhiert, tlall 
man in der Niihc ihres Taupuuktes je nach Schicht- 


icatctxo 
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hinge I hirclilmiclisbcladungon z.'visclien 55 mid NoVo 
(Ur Siittigitngshcladnng von 35 Gcwichlsprn/.ciil. 

(I. h. cine Gcs.iinlhel.idung von etwa 20 Gewichts 
prozent. crzielt. Benzol wird unter iiludiclieii 11 c- 
5 diuguugcn und in jilmlichor GrbUcnordnung 'on 
Aktivkolile adsorbiert. Anders licgcn die Vcrliiilt- 
iiisse. wenn man versucht, ticfsiedende Gase. 'vie 
z. 11. die Koldensiinre der atinospharirchcii Guft, 
durcli A , ‘:a rption weit tinlcrhalb ilirer Taupunkts- 
10 kon/.entralii n zu entfcruon. Bci deni Partialdruck 
der in der l.nft bofmdliclicii Koldensiiure, mindich 
0,2 min I Ijx. crzielt man bci gcwiilmliclicr Tcinpe- 
ratur mtr cine Glcicligcwichfsbeladung von etwa 
0.32 ccm CU.,/g Kolile = ~ 0,06Vo des Kolilcgc- 
15 wiehtes. Suelit man etwa die Lnft (lurch Adsorption 
ulier Kolile zu reinigen nnd in der ublichcn Weise 
letz.terc etwa his z.nr Iliilftc dieses Glcichgewiclits- 
"ertes zu beladen. so koniint man trot/.dem z.u kei- 
ncr genugenden Rcinigmig. VVic Versnchc zeigten, 
so ist erst bei eincr wesentlich klcincrcn Bcladung, die 
bei etwa 0,07 cem/g Adsorbetts = 22V0 der Glcicli- 
gcwiclitsbeladung liegt, die Entfcrmmg der Kohlen- 
siiure aus deni Gas bis zu cinein vorlangten Rcini- 
gungsoffekt von etwa 99V0 ausreichend. (Bei ge- 
05 ringeren Anforderungcn an den ReiuignngsclYekt 
kiinnen hdliorc Beladungcn z.ugelassen werden.) 
Narli den normalen Gesiclitspunktcn in der Adsnrp- 
tioustcchnik erscheint es also zuniichst aussicbtslos, 
outer diesen Bedingungen an cine tcchnisch weit- 
30 gehendc Entfernung tiefsiedendcr Gasc auf dicsein 
Wcgo z.u denkeii, da untragbar hohe Adsorhci snicn- 
gen aufgcwendet werden niiiBtcn. Einc wese ntliclic 
Verkiirz.ung der Umsclialtzeitcn (uin Adsorbens z.u 
sparen) stdllt auf die Schwicrigkeit, dad bei der Dc- 
35 sorptic u die bisber iibliclic Erwarnumg mid Wiedcr- 
abkiililung des Adsorbens auf die Adsorp.ionstcm- 
peratur nicht in geniigend kurzer Zcit du cligefiilirt 
werden kann, i. .mal da gerade das Adso bat, das in 
kleiner Konzcntration auf deni Adsoi bens sitzt, 
40 schwierig z.u entfcrnen ist. 

Olierraschcndcrwei.se wurde jcdoch durcli Vcr- 
suchc gefunden, dafl die Regencrierung. auch bci 
kleinen Beladungcn. in kurzer Zcit moglich ist. 
wenn mail bcstinmite Bedingungen einhiilt. So war 
45 es mbglich, mit cinein dauernd extrem hohen Reini- 
gungseftekt von 99 °/» auch klcinstc Mengcn ticfsic- 
dender Case, wic CO f . bei gewdhnlichem Druck und 
gewohnlichcr Teinpcratur aus Gasgemischen, wic 
l.nft, praktisch vullstandig zu entfernen, wenn man 
50 das Adsorlieus. ausgehend von eincr Restbeladung, 
nor bis z.u etwa 20 bis 25% seiner Glcirligcwichts- 
beladtmg mit deni abzuscheidenden Cias. wie CO„. 
beliidt und bereils vor Krrriclmng des Durchbruchs 
den zugeladeiicn Betrag bci gleichcr 1 emperatiir 
55 mit itbersehiissigem Spnlgas wieder entfernt. 

Wie die Versuche writer z.cigten, vvaren 10 Mi 
iiuteii nusicichciid, uni den zugeladcnen Betrag olmc 
Tenipcratiirerholiung, also 1km der glcichcn 1 empe- 
ratur mit etwa dem l)rci- bis Vierfachcn des etVekti- 
fto veil Rohgasvolumciis an Spiilgas z.u entfcrnen. Unter 
IiTektivV(ilumen ist das tatsachlich vom Gas eiugc- 
nomntene Vi.lbincn zu verstehen, das sich liei glei- 
cheni Gasgcwicht etwa umgekchrt proportional zum 


[ i )i uck iindei t. Die vcrhlicbcnc Kc-tl*ladling l.rirug 
outer diesen Vcrliiiltnisscu etwa BVo. die jviveil- zu 65 
geladene Menge etwa 14V0 des Glcieligew icliis- 
wertes. Sie " ini im folgcndeil ;.ls Zul idling gekeiin- 
z.ticlmet. Wei ten* liinger dauernde \ilsiiclie ze;g 
ten. dad der gleicbe Reinigungseliekl auf die Dinar 
anfrechtcrliaitoi worden koiinte und dall fur audriv 70 
Gase ahnlichor Eigeiiseliaftcn alinliebe \‘«-i !i:«l»tii>-c 
bestehen. Fiir cine'veitgehende Keinigung ist wieli 
tig. dall die Zuladung auch nicht bis z.mn Durch- 
brnch der abziischcidctidcn Koiupoiieiile ertolgt. 
soudern liei bdehstens 90 Vo de r Duichbruclisbela- 75 
dung abgcbrochett wird. Auf diesc Weise bleibt 
einc geniigende Schicbt vdllig uiibeladi nen Adsor¬ 
bens crhaltcn, wclchc den iiuBcrst hohen Reinigungs- 
efTckt vor Erreichung des Durchbruclis bedingt. 

Has WcSen des vorliegcndeti crliinhingsgcmiilfcii 80 
Vcrfahrcns z.ur Abtrcnnung adsorbierbarer Be- 
standtcilc aus Gasgeniisclien mittels pcriodiscli 
wecbselbarer Adsorber durcli adsorbatfreies Spiil¬ 
gas liestelit also darin, dall titan das Adsorbens nur 
bis z.u cinein untcr 50V0 seinei Gleiebgewiclitsbela- 8 5 
dung sowie unter 90 V0 seiner Durcliliruclishcladung 
liegenden Wert aufladt und dann auf den zweiten, 
inzwischcn von der Zuladung befreiten (teilentladc- 
nen) Behiiltcr umschaltct, wobci Umsclialtzeitcn 
z.wischen 5 und 30 Minuten angewendet werden. Bci 9® 
etwa Atinospharendruck bewegt man sicli in der 
Niilic der untcrcu Greuze fiir die I Tmsclialtzcit. bci 
crhohtcin Druck in der Nahe der oberen Greuze von 
etwa 30 Minuten. da mit erhohtem Druck auch die 
Aufnahmcfahigkeit des Adsorbens stcigt. Desglei- 95 
chen wird bci erstrebtem hohcin ReinigungselTckt 
die Umschalt—it melir der unteren Greuze genaliert. 

Diesc klcii Jmschaltzcitcn werden angewendet, 
uni die M..ige des Adsorbens bis zu ciueui wilt 
scbaftlich noch tragbaren Wert hcrabzusotzen. Die 100 
erfindungsgcmaBe untcrc Greuze der Umscbaltzcit 
wird man dabei jcdoch nicht untcrschreitcn konnen, 
da das Tragcrgas fiir die Verunreinigungeii. das 
meist rein gewonnen bzw. verarheitet werden soil, 
teihveise mitadsorbiert wird und dieser Teil bci der l °5 
narlifolgendcn Spiriting verlorengcht. 

Es ist zwar bcrcits vorgesclilagcn worden. kiirzore 
Umsclialtzeitcn z.u verwenden. die z. B. unter eincr 
lialbcn Sttmde liegen konnen, wic es z. B. die deut- 
sclie Patentsebrift 624912 im Anspruch 5 vor- 110 
selireibt. Dieses Vcrfahreu arbeitet jcdoch insofern 
anders, als di • Vcrkurzung der IJmsclialtd.uier nicht 
etwa wegen der Absiclit. die Beladungslidlic <les Ad 
sorbens z.u verringern. variiert wurde. sonderu wo 
gen der Notwendigkcit. die Vcrweilzeit der auf dem “5 
Adsorbens sitzciulcn. nelicn Benzol abgeseliiedenen 
polymerisierenden Veruiircinigungen z.u verkiirzen. 
die das Adsorbens uttbrauchbar inaelien. Das Ad- 
sorbens wird (labor starker belastet und das Gas 
mit groBcrcr Geschwindigkeit liindurcligefiilirt. Dies 120 
soil nach Anspruch 1 der Patentsclirift riariiirch er- 
rciclit werden, daB »die Adsorbeiisuieuge im \ er- 
haltnis z.u der aus den pro Tag zu verarbeitenden 
Gascn gcwiimbareii Kolilenwasserstollinenge gvrin 
ger als 2 : 1 gchalten wird«. Im Gegensatz zum er ,2 5 
tindungsgemaBcn Vcrfaliren wird also die Be- 
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laslui'g dcs Adsorbens erlibht. Die Desorption cr- 
fol^t (lurch glciclizcitiges indircktes Ilcizcn untl 
Ausdiiiiipfcii, also prakti.sch vollstiindig rind niclit 
toilwci.sc, wic nacli deni crfindungsgeniaflcn Verfah- 
S ren, sowic (lurch Anwciidung von imkoiidcusicr- 
haren Sp Igascn. Auch wird die inaxiinalc Bcla- 
‘•mig niclit auf libclistcns 90 */o der Durchlu uclis- 
bcladung licschrankt. 

I's ist ferncr cin aiidcrcs Verfahren nacli Patent 
to 7 ° 4 ,, 73 "til kurzfrisligcr Uiii.sclialtiuig vor Errei- 
r, mng des Adsorptionsglcicligcwiclilcs •'mgegcliei. 
worden, bei deni aber tiitr cine Icdiglich wasserstoff- 
reiclic (also noch Kohleuoxyd enthalteude) Frnktion 
aus eineni Kolilctidioxyd-Wasscrstoft-Gcmiscli ge- 
‘5 wonnen' wird. F.s wird also hicrliei kein Wert dar 
a uf gclegt, dall die Beladnng dcs Adsorbens mit deni 
zu entfernenden Gasbcstandtcil auf hdehstens 90V0 
der Durclihruclisbcladung beschrankt wird. 

IlrfiiidiingsgemaB wird durch diese Malhialiinc 
10 gewahrlcistct, daB, wie bcrcits erwahnt, cine gc- 
niigende Schicht Adsorbens von Adsorbat vollig 
frei gchalten wird und das austrctenrle Gas frei ist 
von der 7.11 adsorbicrcnden Gaskomponente. Die 
Tatsachc, daB durch das erfindungsgemafle Vcrfah- 
»5 ren auch noch cine hohe Reinheit der kchandcltcn 
Case ernidglicht wird, ist uni so iihcrraschender, 
als auf hohe Desorptionstcnipcraturcn vcrzichtet 
und das Adsorbens lici gleicher oder nur wenig 
hoherer Tcmpcratur nur tcilwcisc entladen wird. 

30 Der Reinigung.seITckt ist cin besonders hoher, 
wenn bei der Teilentladung das adsorbatfrcic rcinc 
Spiilgas cntgegcngcsctzt zur Rohgasrichtung durch 
das Adsorbens stroinf. Dabei wird das Spiilgas so 
gut ausgcnutzt, daB erfindungsgemaB bcrcits cin 
35 Spulgasvolumen glcich dem Drci- bis Vicrfachen 
dcs Rohgasvolunicns ausreicht, utn bei Umgcbungs- 
temperatur sowic bei dcr gleichen Tempcratur das 
Adsorbat so weit zu entladen, daB ein glcichbleibcn- 
der RcinigungsefTckt von niehr als 99°/# fur die 
40 Daucr gcwiihrleistet wird, oline dafl Spiilgas iiber 
die Rohgastenipcratur angewarmt werden niuB. Das 
Verfahren kann prinzipicll mit alien Adsorbcns- 
arten durchgefiihrt werden. Es ist alicr zwcckniaBig, 
mit Adsorbcntien besonders holicii Adsorptionsvcr- 
45 mogens zu arbeiten und erfindungsgemaB bevorzugt 
mit solchen, die auf Grund dcr sclektiven Adsorp¬ 
tion dcr ahzuschcidcnden Hestaudtcile diese beson¬ 
ders stark zu binden vcrniogcn,’ walircnd das Tra- 
gergas relativ weniger Iciclit adsorbiert wird. Des- 
50 gleichen wurdc ein groBer FinlluB dcr Kdrnung des 
Adsorbensniatcrials in dem Sinnc gef indcii, daB 
mit feinerer Kdrnung der Wirkungsgrad der Rcini- 
guug stcigt. Dieses ist zwar qualitativ theorctisch 
vorauszuseheu, cs ist jcdocli zwcckniaBig, mit Riick- 
55 sielit auf die Gefalir dcs MitrciBens bei sclir Kleiner 
Kdrnung und auf den lioltcn Druckabfall. der in- 
folgc des bei Vcrwendung von feiner Kdrnung stci- 
genden Wirkungsgrades cntstellt, kcinc liberniaBig 
klcinc Kdrnung, sondern nacli eincm weiteren Er- 
60 findungsgedanken Kdrmnigcii von 1 bis 2 mm anzu- 
wenden, da cs in diesetn Bcrcich noch mdglich ist, 
mit ertraglichen Druckabfallcn zu arbeiten, beson¬ 
ders wenn dabei erfindungsgemaB Qucrschnittc dcr 


Adsorbensschicht zwischcn 0,5 und t ipn pro 
1000 clmi sliiudlich strdniendc.s Gas aiigewnnlet C5 
werden. Die Adsorbensschicht soil dabei mit Kiick- 
sicht auf den erstrebten liolien Reiiiigiingsellekt 
niindcstcns 1.5 in king scin. Die obere Greuze die¬ 
ses Wcrtes richtet sicli nacli deni zulassigen 1 truck- 
abfall und dem mit Riicksicht auf die iMitadsorption 70 
dcs Trftgcrgascs begrcnzleu Aufwand an Adsor 
bcnsinenge. 

Stelit das Gas miter Druck, woIku das KfTcktiv- 
volnmen des verdiclitcten Gases dem Druck unigc- 
kelirt proportional ist, so ist nacli eincm weiteren 75 
Erfindungsgcdatikcn das Voluuivei hiiltnis 1 :3 bis 4 
zwischcn Rohgas und Spiilgas gewahrlcistct, wenn 
der Druck des Roligascs mindestens drei- bis vicr- 
mal holier ist als der des Spiilgascs. Ist also H. 
das Normalvolumen, gemessen bei 1 ata. von Rob- 80 
gas und Spiilgas glcich und dc- Spiilgasdruck 
= t,i ata, so rcicht cin Rohgasdruck von 3,3 bis 
4,4 ata aus, um dem nacli obigetn vorgcschriebencn 
Vcrhaltnis 1 :3 bis 4 als untcrcr Greuze ziigcnugen. 

Ist der Reinhcitsgrad niclit ausreichend, so kann 85 
durch Erhbhung dieses Vcrhaltnisscs oder, wenn 
dies nicht moglich ist, durch Verkiirzung der U111- 
schaltzcit in dcu obigen Grenz.cn cine Vcrlicsscrung 
errcicht werden, soferu der Vcrlust an Tragcrgas 
noch ertriiglich ist. $0 

Rcicht die zur Vcrfiigung stehende Spiilgas- 
menge nicht aus, so gemigt cine Anwarnmng um 
wenige Grade, um untcr den gegebenen Bcdingun- 
gen mit noch klcincrcn Spulgasmcngen auszukom- 
men. Fiir je cine Ilalhierung der Vcrhaltniszahl 3 95 
ist cine Erhbhung dcs mittlcrcn Teinpcraturnivcnus 
dcr Teilentladung von 3 0 C (untcrc Greuze) gegen- 
iiber dem Zuladungsvorgang susrcichcnd. Durch 
diese rationelle Ausnutzung dcs Spiilgascs und 
durch den Wcgfall von groBcn Fnergien zu seiner 100 
Vorcrhitzung wird der Umstaud aufgewogen, daB 
die Adsorbcnsmengc infolgc ihrer gcringen Bela- 
dung inimerhiu noch relativ groB sciu mull. Ande- 
rerseits ist der Umstand giinstig, dafl infolgc dcr 
dabei anzuwendenden grofleren Querschnitte dcr n>5 
Adsorber der Druckvcrlust des stromeiiden Gases 
kleincr und der Encrgieaufwaiid zur Oberwindiuig 
dcs Stroniungswidcrstaiidcs gcringer ist. Das nil - 
geincinc Tempcraturiiivcau dcr Beladnng und Flit- 
ladling kann jc nacli Uingcbungstcmperatur libber no 
oder tiefer scin. Durch Verkiirzung oder Vcrkinge- 
rung der Uinschaftzciten v.ird man sicli den 
veriinderten Bcdingungcn anpassrii kbnnen, oline 
wcscntlichc Anderuiigcii an dem Vcrhaltnis von 
Spiilgas zu Rohgasinenge vornehiticii zu iniissen. 115 
Man kann auch, tun mit wcsentlich kleinemi Ad 
sorhensmengen auskommen zu kiiunen, erlindiuigs- 
gcrmiB hei tieferem Temperaturniveau arbeiten als 
cs die Umgebung aufwcist, iiishcsondere wenn oluie- 
hin das Rohgas aus Griindcn dcr weiteren Zcr 1:0 
legung ahgekiihlt werden niuB. 

Ist die Konzcntration dcs ah/tischcidcndcn Be 
standteils lioch, so kann man in an sicli bckanntci 
Wcisc zur Abfiihrung der Adsorptioiiswarme die 
liciden Adsorber nach Art von Warnieaiistauschcrii nj 
incinander bauen. Die Adsorptioiiswarme koinmt 
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l 

(l.ilx i < 1 . Ill Entladcvoigatig. die Dosnrptionskaltc 
drill BcIndcvnrR.nig zugntc. 

|<‘in Wat imanslansch zwiM’iicn bcidcn V organ 
gen ist .nidi dim'll ilic an sirli bckanntc Nachsrhal- 
S tinig von Spcichcrmasseu nibglich, an wclclie die 
an. trctcndcn Rnhgase ilirc VVarnic abRcbcn. Dicsc 
wild ihrerseits iinch UmschaltmiR anf das Spiilgas 
illicit rap'll, lias glciche Mittcl kann angcwcndet 
wcrdcn, wciiii das SpnlRas von vornlicrein kaller ist 
to als «las Uoligas. 

Die Ini dcr Adsorption griillcrer Dainpf Oder 
GasmciiRcn frei wcnlendc Adsorptinnswarjne, die 
deni zu lieladfinlen Adsoi liens cine lidlicrc Tnnpe 
iatm erteilt. kann crfmdunRSRcmaB so ausgcnutzt 
15 werden, datl liercits dann mngcschaltct wird, wrnn 
cine liestimnitc Tcmpcraturcriibhimg an finer Mi’ll- 
stelle, /. B. in dor Mitte dcs Rcrndo in dcr Bcladimg 
liefindlichen Adsorbens crrcicht wird. Anf diesc 
Wei sc lileilit ancli die Tcmperaturerhohimg des Ad- | 
io sorliens zur Fbrdcrnng dcr nachfolgcndenTcilctit- 
ladnnR crlialtcn. Es ist licsondcrs zwcckmaBig, die 
Tcnipei aiurcrhbbung dazu ausztinutzcii, daO man 
in an sicli liekanntcr Wcisc dicsen Adsorber auto- 
inatiscb nacli Auslbsung cincr dcmcntsprcchcndcn 
*5 Vnrrichtung uinscbaltct. Dies kann z. B. dadureh 
Rcscbelien, daB ein Kontakttliernionietcr bekannter 
• Ait in das Adsorbens citiRebaut wird und rclais- 
artig einen Stromkreis schlicflt, in dem die Um- 
schaltvorriclitung liegt. 

30 Das Verfalircn sci an cinem Bcispicl naher cr- 
lautcrt: Lutt init 0,03 */o Kolilensaure wird bci 
t,4 ata und gcwdlinlicbcr Tcmpcratur iiber cincn 
v!,n z.wci patallcl gcscbaltctcn Adsorbcrn. die mit 
eiuer Aktivkoblcscliicbt von i.S ™ Lange gefnllt 
35 sind, mit cincr Haumgcscliwindigkcit von 600 cbm 
pro cbm Adsorbens und Stundc gefubrt. Nacli 
10 Minutcn Bcladungszeit wcrdcn die Adsorber in 
bekannter Wcisc gcwecbsclt und anschlicBcnd dar- 
an der lieladene Adsorber mit kolilensaurefrciem 
<0 Stickstoff von 1,15 ata bci gleichcr Tcmpcratur und 
mit cincr Raunigcsehwindigkcit von 2400 cbm pro 
cbm Adsorbens und Stundc gespiilt, wahrend dcr 
wahrend der Bcladung dcs ersten Adsorbers inzwi- 
schcn gcspiiltc, teilweise cntladene zweite Adsorber 
15 bcladcn wird. Der Rcinigungscffckt betragt nacli 
100 Stundcn Wechsclbetrieb 99.5 entspreehend 
0.00015 */• Kolilensaure im Endgas. 

Die crrciclitcn Vorteilc licgcn. wic das Bcispicl 
zeigt. in dcr liohcn Rcinigungswirkung dcs Adsor- 
50 liens, das im vorliegenden Fall nur mit 20*/o seines 
Glcicligcwichtswcrtcs, namlicli mit 0,07 cm 3 G( j/g 
Kolile bcladcn ist, obne daB jcdoclt infolgc dcr kur- 
zen Umschaltzeit die Adsorlicr unwirtschaftlicb 
groBc Ausmaflc crltallcn. Bci libberen Gclinlten an 
55 Adsorbicrbareni im Robgas liegt ein bcsondcrei 
Vortcil darin, dafl infolge dcr kurzen Umschaltzeit 
praktiscli die gesamte Wiirnic dcs Adsorptionsvor- 
ganges im Adsorber vcrbleibt und somit fur die an- 
sclilicBcnde Desorption nutzbar verwendet wird. Es 
«o ist somit mdglich, die Entfernung von dampfformi- 
gcu Verunrcinigungen aus Gascn, die man sonst 
gem bci hbheren Druckcn durclifiihrt (wegen dcs 
gcringcreii rclativen Dampfgchaltes) ohne Nachtcil 


fur die Rcinigungswirkung und mit gcringfrem 
lCnergicaufwand aucb bci niedrigcrciii Druck durcb- r >5 
znfiiliren. 


Patent ANSiMit'cttK: 70 

1. Verfalircn zur Abtrennung adsorbicrbaicr 

Bc.standtcilc aus Gasgcmisclicn uiittels peri- 
(idisell weclisclbarcr, (lurch adsoibatfrcics Spill 
gas teilweise regenerierter Adsmbcntien, da- 75 
durcb gckcnnzeiclinet, daB man das Ad>orbens 
nur bis zu cincin uiitcr 50 Vo seiner Gleichgc- 
wiclitsbeladung mid miter 90*/o seiner Durcb 
brucbsbcladung liegenden Wert aufliidt, dann 
anf den' zweitcu inzwisclien teilweise regeue- 80 
rierten Bchiilter uiusdialtet, wahrend der erste 
mit iiberschiissigem Spiilgas in eiitgcgengcsctz- 
tcr Richtung teilentladcn wird. wobei Umschall- 
zeiten zwischcn 5 und 30 Minutcn nngewendet 
wcrdcn. 85 

2. Verfalircn nacli Anspruch t. dadureh gc- 
kennzcichnet. daB man die Teilbcladung bci Urn 
gi’biuigstcmperatur sowic bci der gleicb 11 lcm- 
peratur durchfuhrt wic die - l eilentladung mid 
dabci ein Spiilgasvolumen gleicb deni drei- bis 9 ° 
vicrfacbcn effektiven Rohgasvolunien (lurch das 
Adsorbens schickt. 

3. Verfalircn nacli Anspruch i und 2, dadureh 
gekcnnzcichnct, daB man Adsorbcntien hoher 
sclektivcr Aufnahmcfahigkcit fiir den abzuschci- 95 
denden Bcstandteil anwendet. 

4. Verfalircn nach Anspruch 1 bis 3. dadureh 
gckciiuzi linet, daB man Adsorlienskornungcii 
zwischcn 1 und 2 mm verwendet. 

5. Verfalircn nach Anspruch 1 bis 4. dadureh »°° 
gckeiinzcielmet, daB man Qucrsclinitte der Ad 
sorbcnssdiicht von 0,5 bis 1 qin pro 1000 cbm 
stiindlich stromcndcs Gas bci Schichtliingcii von 
mindcstcns 1,5 m verwendet. 

6. Verfalircn nach Anspruch 1 bis 5, dadureh >°5 
gekciinzcichnct. daB man bci gleichem Norm.il- 
volumcn von Rohgas und Spiilgas den Druck 
des Rohgases bci der Beladung drei- bis vicrni 
holier einstellt als den Druck dcs Spiilgascs. 

7. Vcrfahren nach Anspruch 1 bis 6, dadureh »i° 

gckciHizeichnet, daB man lici cincm Untcrschrci- 
ten dcs Volumverhiilliiisses Rohgas . SpiilRns 
von 1 :3 his 4 fiir jc cine Ilalhicrung dcs Vcr- 
hiiltnisscs cine um 3 Grad bolicrc I cnipcralur 
(untcre Grcnzc) des Spiilgases verwendet. “5 

8. Verfalircn nach Anspruch 1 bis 7. dadureh 
gckcnnzeiclinet. daB man das Tcmporaturnivcaii 
dcr Adsorption und Desorption gegeniiber dcr 
Unigcbuugstcnipcratur senkt. 

9. Verfalircn nach Anspruch t bis 5. dadureh ia« 
gckcimzeichnct, daB man in an sich bekamiti 1 
Wcisc im Fntercssc etnes Wiirincaustausclies 
zwischcn Beladimgs- und Entladungsvorgang 
(lici hbheren Konzciitratioiicii dcr ahzuschcidcn- 
den Bestandtcilc) heide Adsorber nach Art von »»5 
Warmcaustauschcrn incinandcr haut und aul 
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diose Wcise in thcrniisclu'n Kontaki niilcinauder 
bringt. 

lo. Vcrfahrcn nacli An.spruch i his 9, dad m e b 
gckciinzcichnct, dafi man ilic Adsorber aiitoma* 
tiscli umschaltet, sobald infolge grnflercr adsor- 
bieitcr Gas- und Dninpfincngcn cine vorl»c- 
stimmte Temperaturerhohung an cincr bcstinini- 


ten VicOstellc im beladiucn Adsorbcns cr- 
rcicht ist. 


In I’li'lracht ge/.ogenc 1 )riirkscbriftcn: 
Deutsche I’atentscliiiflen N'r. 624912, 704073; 
B r a t t I e r , »Adsorj>tinn von Gascn und 
Dampfciu, 1944, S. 107, 10S, 121. 




10 







E-156 

GERMAN PATENT MO. 970223 


It is known that adsorbable components of gaseous mixtures can be sep¬ 
arated by means of adsorbate-free purge gas through cyclically swilchablc 
regenerate adsorbers. It is common practice in the adsorption technique to 
load the adsorbent only to about 50 to 75 percent of its maximum capacity which 
Is caHed -equilibrium load." The value which is called "breakthrough load" is 

t 

then reached when the concentration of the to be adsorbed component increases 
suddenly in the end product from a small constant or only minimally changing 


value. 


In the technique, efforts are being made constantly to find conditions which 
increase the capacity of the adsorbent. The vapors of gas components, whose 
liquid phase also exists at normal temperatures like the vapors or water of or¬ 
ganic solvents, are adsorbed so readily at normal temperatures by . dsorbents 
like silica gel, that in prdJmity of their dewpoint and depending on length of 
layer, breakthrough loads between 55 and 80 percent of saturation load of 35 
weight percent, this means a total load of about 20 weight percent is obtained. 

The condition? are different when one tries to adsorb gases of low boiling point 
through adsorption far below their dewpoint concentration like the CO z of the 
atmospheric air. With the partial pressure of the CO, contained in the air. 
i. e.. 0. 2 mm of mercury, one obtains at normal temperatures only an equilibria 
loading of approximately 0 . 32 emm of CO z per gram of charcoal. This is appro:: 
imately 0 . 06 percent of the charcoal weight. When one tries to purify the air 
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through adsorption over charcoal and as is customary, tries to load the 

4 

charcoal up to half ot' its equilibrium value, one nevertheless does not obtain 
adequate purification. As tests have shown, only by a substantially smaller 
loading, approximately 0.07 erm per gram of adsorbent which is approximately 
22 percent of the equilibrium loading, does one,obtain adequab removal of the 
CO^ from the gas to a desired purity of about 99 percent. (When lesser require¬ 
ments of purity exist, higher loading is permissible. ) Based on normal consid¬ 
erations in the adsorption technique, it appears hopeless, under these conditions, 
to think of technically extensive removal of low boiling point gases in this manner 
I because, impractical, large quantities of adsorbent would have to be used. A 
substantial shortening of the cycle time to save on adsorbent, encounters diffi¬ 
culty in that, during desorption,, the up-to-now common heating and.cooling oi the 
adsorbent to the adsorbing temperature cannot be accomplished in short enough 
time, especially as the adsorbate which sits in a light concentration on the 
adsorbent is difficult to remove. 

Surprisingly, however, experiments have shown, that the regeneration, 
even in the ca.se of small loadings, is possible in a short time interval when 
< certain conditions arcQ.bserVpcl.So it was possible with a constant, extremely 
high purifying effect of 99 percent to practically remove entirely also smaller 
quantities of low boiling gases, like CO^ , at normal pressures and normal 
temperatures from gaseous mixtures, like air, when the adsorbent, starling 
with a residual load, was only loaded up to about 20 to 25 percent oi its equili¬ 
brium load with the gas to he adsorbed like CO^, and already prior to the break¬ 
through being reached the added load was removed at the same temperature with 
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unneedcd purge gas. 

As experiments showed, further, ten minutes were sufficient to remove 

the added load without raising the temperature, in other words, at the same 

temperature, by means of a purge gas volume which was three to four times 

the effective raw gas volume. Effective volume should be understood to mean 

the actual volume occupied by the gas, which is inversely proportional to the 

pressure of the gas of the same weight. Under these conditions, the residual 

load amounted to 8 percent and the added load each time to approximately l‘i 

percent of the equilibrium value. In the following, we will use the term ot 

"add-load" for identification. Further experiments of longer duration showed 

and that 

that the same degree of purity could be maintained permanently/tor other gases 
of similar characteristics, similar conditions exist, lor effective purifying 
it is important that the add-load is not increased to the breakthrough point of 
the component which is to be separated, but is stopped at the latest when 90 
percent of the breakthrough load has been reached. In this manner, a sufficient 
layer of un-loaded adsorbent remains which is a condition for the high purity 
effect one obtains prior to reaching the breakthrough. 

The essential of the foregoing avention to separate ads or liable components 
from gaseous mixtures by means of periodically cycling adsorbers through ad¬ 
sorbate-free purge gas is that the adsorbent is being loaded at less than i0 percc 
of its equilibrium load and less than 90 percent of its breakthrough load, and that 
one then switches over to a second container which has in the meantime been 
freed of its add-load (partially un-loaded), whereby a switching cycle of between 


nt 
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five and thirty minutes is utilized. Near atmospheric pressure,one would 
operate in the area of the lower limit of the cycle time and at higher pres urc 
in the area of the upper limit of approximately thirty minutes because with 
increased pressure the adsorbing capacity of the adsorbent increases. Like¬ 
wise, when one is aiming at high purity, the cy'cle time is to be near the lower 
Hmit. These short cycle times are being utilized in order to keep the quantities 
of the adsorbent economically practical. The lower limit of the cycle time given 
in tins invention will hardly be possible to undercut, because the carrier of gas 
of the impurities which mostly is to obtained pure, respectively is to be utilized 

will be in part, also adsorbed and this part will be lost during the subsequent 
purging. 

Admittedly, it has already been suggested to use shorter cycle tim us 
which would be less than half an hour and as for example given in patent o. 
624912, i.e. Claim No. 5. This process, however, works differently in that 
the shortening of the cycle time did not intend to reduce the loading of th adsor¬ 
bent, but was needed to reduce the duration of time during which the, in iddition 
to the Benzol, separated polymerized impurities, which make the ndscr ent un¬ 
usable, were sitting on the adsorbent. The adsorbent is therefore being I ,aded 
heavier and the gas is passed through at higher speed. In accordance w th Page 1 
•of that patent, this supposedly is being achieved th ough "the quantity of idsorben. 
is kept in a ratio of less than 2:1 to the OX, quantity obtainable per day. ' Con¬ 
trary to the invention,here,the loading of the adsorbent is increased. T1 e desorp¬ 
tion is accomplished through concurrent heating and vaporizing; Ihcrefoi •, 
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practically complete and not partial, like in this invention as 
use of uncondonsable purge gas. Also, the maximum loading 
90 percent of the breakthrough load. 


well as through the 
is not limited to 


There is furthermore another process per patent 7010/1 disclosed wnn 
short cycle prior to obtaining of adsorption equilibrium where, however, only 
a hydrogen rich fraction (therefore still containing C0 2 ) is being obtained out of 
the CO z hydrogen mixture. No attention was given to limiting the loading of the 
adsorbent to a maximum of 90 percent of the breakthrough load. 

Per invention as mentioned, jlready,through this requirement (by limiting 
the adsorption to a maximum of 90 percent of the breakthrough loading/is assured 
that a sufficient layer of adsorbent remains entirely free of the adsorbate and the 
effluent gas is free of the gas component which is to be adsorbed. The fact that 
through this invention it is possible to obtain high purity of the process gas is still 
more surprising in view of the fact that high desorption temperatures arc not benv 
used and the adsorbent is only partially unloaded at the same or only slightly 
higher temperature. 


The purifying effect is especially high when, during the partial unloading, 
the adsorbate-free pure purge gas flows in opposite direction to the raw gas iUv* 
through the adsorbent. In this manner, the purge gas is so thoroughly used that 
per this invention, even a purge gas volume ol three ^lo tom times th.it 
volume is sufficient to unload the adsorbent at ambient temperature as mcII as ;t 
the same temperature, so that a constant purifying effect of better than 99 parcel t 
/is guaranteed permanently without that the purge gas has to be heated above the 
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temperature of raw gas. The process can.in principle, L>e used in all typos of 
adsorbents. However, it is advantageous to work with adsorbent materials that 
have a specially high adsorption capacity and in accordance with this invention, 
./preferably with those that, thrMgh selective adsorption of the component which 
is to be separated, can bind this component strpngly and will adsorb relatively 
Vlittle of the carrier gas. In this sense, it was found that the particlcsize of 
, the adsorbent material has considerable influence in that, by smaller size,the 
effectiveness of the purifying increases. This is to be expected, but it is Im¬ 
practical reasons desirable to avoid excessively small size, to avoid the danger 
of carrying along the very small particals and getting also a high pressure drop. 

In the sense of this invention, partical size of one to two mm should be used 
because in this range it is still possible to have a tolerable pressure drop espec¬ 
ially if the cross section of the adsorbent material is between one-half and one qm 
per thousand cbm hourly gas flow. The adsorbent layer should be at least one 
and one half meter long considering the high purity effect desired. The upper 
limit of this value depends on the allowable pressure drop and the amount of ad¬ 
sorbent in consideration of the incidental adsorption of the carrier gas. 

If the gas is under pressure, whereby the effective volume ol the gas under 
pressure is inversely proportional to the pressure, then in accordance with an 
additional thought of this invention, the volume relationship of 1:3-1 between raw 
/ gas and purge gas is assured when the pressure of the raw gas is - at least thv.o to 
four times higher than that of the purge gas. So, for example, if the standard vol- 
/umc, measurcdal; oneata., of raw gas and purge gas is the same, and the purgi 
gas pressure is 1.1 uta. , then a raw gas pressure ot 3. 3 to d. -1 .it i. i ••• • u'’*’’* >• 
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tot the above-described relationship of 1:3-4 lower limit. It the dc 3 rec ot 
parity is not adequate, improvement can be obtained by increasing this ratio. 

-or .( this is not possible,through shortening of the cycle within the limits above, 

/so long as the loss of the carrier gas is still tolerable. 

Should there not be enough purge gas available, then heating by a few 
degrees makes if possible under the given conditions to get away with still less 
purge gas. Halving the ratio of 3 would require an increase by 3 degrees C 
(lower limit) of the n.ean temperature level during the unloading as compared 
with the on-loading. Through this effective utilisation of the purge gas and the 
doing away with large energy requirements to preheat it, one is compensating 
for the fact that the adsorbent quantity required has to be relatively large in 
consideration of its low loading. On the other hand, there is an advantage due to 
•• the large cross section of the adsorbent material/ftPe pfe-s L -ure drop ot the gas is 
smaller and the energy required to overcome the pressure drop smaller. The 
general temperature level of the unloading and off-loading can vary with the ambient 
t.mpcrauter lower or higher. By shortening or lengthening the cycle, one can 
adjust to the varying conditions without any substantial changes required in the 
ratio of purge gas to rq,w gas. In order to work with considerably smaller adsor¬ 
bent quantities, one can. in accordance with this invention, operate at lower tem¬ 
perature levels than ambient temperature, especially if the raw gas has to be coolc. 


anyway for reasons of further fractionating. 
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If the concentration of the component which is to he split off is high, one 
can build the adsorber towers into each oilier for the purposes ol heat exchange. 
The adsorption heat then becomes an advantage in the off-loading process and 
desorption cooling becomes an advantage in the on-loading. 

* 

The heat exchange between the two processes would also be possible throu >h 
a heat sink arrangement to which the effluent raw gas would give off its heat. 

This heat would then be transferred to the purge gas upon cycling. The same 
-means could be utilized in a case where the purge gas to begin with is cooler than 
the raw gas. 

The heat of adsorption, which becomes available from the adsorption of 
larger vapor or gas masses, which gives a higher temperature to the adsorbent 
which is to be loaded, can, in accordance with this invention, Le also utilized in 
that cycling occurs when a certain temperature has been reached at a certain 
point, for example, in the center of the adsorbent just being loaded. In this 
manner, the temperature increase of the adsorbent also remains available to 
assist the following partial off-loading. 

The temperature'rise can be used in such manner that the adsorber will 
switch itself. through a suitable arrangement. This can, for example, be aocom- 

i 

plished through a contact thermometer which would be built into the adsorber and 
which through relays would close a circuit which would accomplish the switcho >er. 
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The process can be explained further on an example: A.r with 0. 03 per¬ 
cent CO z at pressure of 1.4 ata. and normal temperature is l eing passed through 
2/parallel arranged adsorbers which are filled with charcoal >f a length of 1. 5 
meters and a velocity of 600 cubic meters per cubic meters of adsorbent per 
hour. After ten minutes of on-loading time, the adsorber is being switched in known 
manner and following this the now loaded adsorber is being purged with CO z free 
nitrogen at 1. 15 ata. at the same temperature and at a velocity of 2400 cbm per 
cbm adsorbent per hour. At the same time, the second adsorber which had been 
partially unloaded, while the first adsorber was previously being loaded, is now 
being loaded. The purity effect after 100 hours of cycling, is 99. 5 percent 
corresponding to 0.00015 percent of C0 2 in the effluent gas. 

The obtained advantages, as the example shows, lie in .he high purifying 
effectiveness of the adsorbent which, in the foregoing example, was loaded only 
up to 20 percent of its equilibrium value, i. e. . with 0. 07 cubic meter C0 2 per 
gram of charcoal. This was accomplished by means of short cycling avoiding 
the adsorber becoming uneconomical^ big in size. When the raw gas contains a 
higher concentration of adsorbate, there is a special advantage in the short cycle 
time because practically the entire heat of adsorption remains in the adsorber and 
becomes available for the following desorption cycle. It is. therefore, possible 
to remove impurities in vapor form from gases also at lower pressure which 
otherwise would have been done at higher pressure (due to the relative lower 
vapor content) without imparing the purifying action and with little energy expen¬ 


diture. 
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Patent Claims: (1) A. process to separate adsorbablc components from 

a gaseous mixture by means of periodically cyclable, 
through adsorbate-free purge-gas-partially-regenerated 
adsorbents, characterized in that the adsorbent is 
loaded only to less than 50 percent of its equilibrium load 
and less than 90 percent of its breakthrough lotid value, 
in which one then switches to the second container, which 
lias been partially regenerated in the meantime, while 
• the first container is being partially unloaded with un¬ 
needed purge gas in the opposite direction, whereby the 
cycle time is between five and thirty minutes. 


(2) A process in accordance with Claim 1 characterized in 

that the partial loading takes place at ambient tempera¬ 
ture as well as at the same temperature as the partial 
unloading and whereby a purge gas volume is passed 
through the adsorbent of three to four times the effective 
raw gas volume. % 

(3) A process in accordance with Claim 1 and 2 characterized 
in that one uses an adsorbent material of high selective 
capacity for the to be separated component. 

(4) A process in accordance with Claims 1 through 3 charac¬ 
terized in that one uses adsorbent material with particle 
size between 1 and 2 mm. 

(5) A process in accordance witli Claim 1 through 4 charac¬ 
terized in that one bscs an adsorbent material layer with 
a cross-section of from one-half to one qm per thousand 
cbm hourly flowing gas of at least a length of 1-1/2 meters. 

(6) A process in accordance with Claims 1 through 5 charac¬ 

terized in that when one has the same standard volume 
'of raw and purged gas, the raw gas pressure is 1 

to 4 times higher than the purge*- gas pressure. 

(7) A process in accordance with Claims 1 through C charac¬ 
terized in that when there is a lesser ratio between raw 
gas and purge gas than 1: 3 to 4, one uses a temperature 
of three degress higher purge gas for each halving of the 
ratio (lower limit). 

(8) A process in accordance with Claims 1 through 7 charac¬ 
terized in that one can lower the temperature lcv«-l ot the 
adsorption and desorption in relation to the ambient 
temperature. 
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( 9 ) A process in accordance with Claims 1 through 9 characterized 
in that, in accordance with known practice in the interest oi heat 
exchange between loading and unloading, process (at higher con- 
• centration of the separable components)-one builds the adsorbed 
vessels into one another in the. form of a heat exchanger to obtain 
thermic contact with each other. 

(10) • A process in accordance with Claims 1 through 9 characterized 
in that one cycles the adsorbers automatically as soon as a cer¬ 
tain temperature has been reached in the adsorbent caused by 
the adsorbing of larger gas and vapor quantities. 


References: German Patent No. 629912 

German Patent No. 70-1073; Bratzler; "Adsorption of Gases and 
Vapors, 11 1994, Pages 107, 108, and 121. 
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Die ^reversible" Adsorption els Mittel zur Vorreir.ic- uiuj 
und Zcrleguny von Gasgcrnischer. 

Von Pr.-lng. HEINRICH KAHLE, Gescllsthall lilr Unites Clsmasdiincn AG., Ilulltieijrlsluculh 

An Hand von Diogrammcn und schcmotischcn Ausfuhrungsbcispiclcn werden GrunHIagen sowic 
apporative und vcrfahrensmoOige Voraussel.’ungen fiir ci.io onnciliernd reversible Gasre.nigung und 
Trennung durch Adsorption zwccks exlrcmer fleinigung dcs bcliondcllcn Gases erloutcrt. Die Vorous- 
setzungen sindt Kombinotion von Adsorbcrn mil Wctrmcouslauschcrn on bciden Cndcn dcs Adsor¬ 
bers, Be und Entladungsbegrcnzung dcs Adsorbers soivie Gegcnstromcnlladung mit odsorbntfreion 

Spulgascn. 


Strong lovorsib'.e Prozosso sin ' in dcr Todimk wedcr 
bokannt, nodi ersilicincn sie realisiorbar. Es gibt aber 
einige Vcrf.ihrrn, insbosondore in dor Guszerlorjunijstcdi- 
nik bei lielrn Tcmpcr.ituren. die sidi finer ..rovcrsiblon" 
Arbcitswcise naliorn. Dalici sei r.ls „icvrrsibcl‘' cine 
Atbritswoisc bezciohnot, die cinen ledmisdi dnrtcit 
moglithcn maxinialcn Wirkungsgrad besitzt ortfr sidi Him 
nahert. (Diescr ist soinerseils wiedetum ein Toil dossen, 
was bet thoorelisdi revcrsiblcn Aibertsvorg jngen erroidit 
werden konnte) Der Vorgang dor Erwciimiirig und VVie- 
dorabkiililung eincs Gases k.mn als nahezu ..rovorsiber 1 
bezcidinel worden, wenn or mit I title cinos Gegonstrom- 
warmeaustausdiers mit rnogtichst geringer Temperattir- 
ditlcrenz durdigotiihrt wild. 

Audi fiir den Stoffaustausdi sind dernittgo Arbeits- 
weisen bekannt geworden. Z. B. stellt die Reklifikution 
elne dor Revorsibililut sidi naherndo Arbcitswoisc bei 
dor Slofltrenniing dar. In diescr Itinsidit bemerkonswort 
sind audi Verfahren, bol donen die Lusungswarme dos 
Waschvorqanqos fiir die Zweeke der mit Warncaufnalimc 
elnhcrgehondcn Entgasnng dos bcladcnon VVasdimlltels 
bet geringer niittterer Tcmperaturdifforenz zwisdien bcl- 
den Vorgingon nntzbar verwendet wlrd. Oft werden da- 
bel erhcblidio Temperatiirbereiebe diirdilaufen. z. B. wenn 
die Ldsungsvorgange bel ticlom Teinperalurniveau vor 
sidi gehen. Die bciden Vorgiinge dos Encrgie- und Stoff- 
austausdics gehen hierbet parallel. 

Cnergic- und Sloffaustausch in Regcneratorcn 

Encrgie- und Stoffaustausdi kann ouch in Rogcnora- 
foren bei riditiger Bomessung dcrsclben und dor Um- 
sehaltzeitcn selbst iiber grnlie Tcmperaturdifforcnzcn hin- 
weg weitgehend rcversibel durdigcfuhrt werden, boson- 
ders wenn die auzutausdienden ^loftmcngen in mSHigcr 
Konzcntratlon-vorliegcn. 

Es set das Betsplel dcs KSlteeustausches 
mil gletdizcltigom Stolfaustausdi zwisdien Rohgas und 
Spiilgas In Kalterogoncratorcn orwahnt. 

Bild t zelgt einc iiblidic Renoneralmenanordnung in 
einom Zorleounns.innar.it mit zwei gleldien, pcnodisut 
und rcgolmaOig umgcschaltetcn, mil Speidiermasse qo- 
f 011 ten Rogeneratoronistcn nebst don ziigohorigcn Sdiatt- 
organen. dcron Wiikungsweisc sdiomalisrh d.irgestotlt 
1st. Dor Bolriebszustand vor Umsdralliing ist duidl aus- 
gozogene Pfolle, dor Botricbszusland nach dor Umsdial- 
tung durdi gostridicltc Pfotle angedoutet. Dor am oberen 
und unteren, sdicmalisdi dargcstclltcn iwnscn ittorgan 
cingozoidinote Dlagonalbalken vorbindet nadi (odor Drc- 
hung um 90* die Lintritts- brw. Austritlsloitungcn liir 
zu- und abstrbmendrs Gas. Jcweils mit item andcron 
Ast dcr Einrlditung. Das Rohgas mit den kondcnsler- 
baton Verunrelnigungen trill bel dcr dargestclltcn Sthal- 
tung durdi den linken Regenerator mit clwa 2S*C cln. 
gibt seine kondcnslctbarcn Anteile durdi Kondensation 
an die in dcr Pcrlode vorher kaltgcblascne Speidiermasse 
eb und trill als gerclntgtcs Gas mtt tlefer Tomporatur 
fr, It. —I.Vl*n nbi.r itln nk.*ri» «'■» 


uin zutn Zetlegungsopparat gcfuhrt zu wordon. Gleidi- 
zeitig stroml rcines Spiilgas, z. II. ein Zrrlogungsp-odukt 
durdi dfo obere Umsdiallung in den redilcn Spcidicr m!t 
—155° ci.i und bei der unteren Umsdiallung, ho'adea 
mit den Verunreinigungon, die os durdi Verduns'.en auf- 
genommen hat, mit ctwa -20* aus., 

./ii.ii-sy 

gerelnigtes Gas 


-ISO' 



+25° 


s . , . fbhga s (Gate) . 

/.•/.vs - r A .., /,c ■ /.. •. .* * // ■ 

Bild I. Scbematlsdic UJistctlung dej Regchcr^Vorhctrlcaes 
—BoIrtcbsiusland'Vor* t/iTisdialronr*— -r- -*• BelricbszusUad 
</; nath Um«diallcii 

Cf >■ /. . 

Der Temperntu'rverlauf fiir ein Gasteildien tangs der 
Speidiermasse im Regenerator, wie or sidi in Boh.irrur.gs- 
znstand am Ende dor Rohgasporiodo bzw. am Eiutc dcr 
Spulgasperiode also kurz vor dcr Umsdiallung cinstellt, 
ist durch das Diagramm, Bild 2. im Prinzip dargos'.cllt. 
Das kurz vor dcr Umsdiallung auf die Schidit geIangop.de 
Gas under!, wip ersirtitlidi. auf der Anfangvsdiirht do: 
Spcicticrmassc seine Tomporatur zuuad.xt nur wentg, da 
sidi diese Sdiidit wahrend dor vorhcrgcticnden StrOnung 
dcs mit konstanter Tomporatur cintictonricn G..sos be- 
roils an dessen Tcmporatur angcglidien hat. Erst in v.ol- 
teren Vcrlauf der Sducht fall! die Tomporatur dos r.o!.' 
gases ab, bzw. stcigl die dcs Spiilgascs an. Zu alien a.v 
doren Zeitpunktcn, die zwisdien zwel Umsihaltungon 
liegen, vcrlautcn die Temporaturlinlon der slrOmer.dea 
Case zwisdien dcr didc gostrldicllcn und dcr ausyezcqo- 
non Kurve, wobci jcweils senkredit unleteinanderliego ide 
Punkte auf diosen bciden Kurvcn die bciden Tcmpcrator- 
extreme In Jedem Quersdinilt dcr Spcidioimasse dar- 
slcllen. Die Tenipcrnlur der Speidiermasse selbst bewegt 
sidi obcntatls zwisdien Jenen zwel Kurvcn. Ihr Tempo- 
ralurmlltcl ist tm Dohairungsiuslantl konstnnt end cut- 
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1 rr dor Mass'' sowic TompctatuuiisUml unil Zusam- Veiumon ,u ‘iw* 

N sclzung di'S RoligaiPS uiid (lrs Spiilgascs oblmngig ist. ^ . IJild 3 ilargoslelll ). / 

1- vVvW TM^ " ^r"" 


Warmspeicher 



rciocs 

Spulgas 


§|' ^' 
5 & 88 I 


Adsorbent 


-I-'-' , , * ,/ 

- f*.tij C hcs Mittrl d*r Spachermassen- 

- forr'rercifur .»'? liPhorru^siustond 

>’ — Tnde drr?>ohpasprr/o<Je 

| \ - Cnde Cvr Spulgaspcriocie ‘ ‘ / 

t i PJI53 ■■■ ■ ■ • ' ' ■ -■ •'• ^ < 

‘ Bild 2. Dpi Teinpcialuivcrlauf im Regenerator 

; tnlhdlt das Rohgas kondensieiliare Bcslandloile. so 
wird zu rincm beslimmten Zeitpunkt, dcr vom jcwcils 
>' herrsdunden Bctriebszustand abhdngig ist. und in cinem 
beslimmten Eercidi dcr Speidicrmasr.c Kondcns.it bus dem 
?• Rohgas cinerscits abgesdiicden und in das Spulgas an- 
dcrotscils in einor im votaus zu beredinenden Mcngc 
’ yerdunstcli denn jodcr Tcmpctatiir ist cin bestimmter 
Sattigungsdruck des kondcnsicrlcn Antcils zugeordnet. 5 
. In bestimmten Tcmpcraturdiffcrentialcn im Satligungs- 
gebict Wird stets cin bestimmter Bctrag an Kondcnsa 
'• in dem ..warm zu blascndcn” Regenerator abgesihiedcn. 

bzw. in dem anderen „kalt zu blascndcn" Regenerator < 
*. 1 vprdimstet. Gleidizcitig wird cincrseits ein bestimmter ^ 
Butrag an Kondensationswarmc trei bzw. andercrscits ^ 
-ebundcu. Diese positive bzw. negative Warmetoming 
uberiagert sidr dem normalen Encrgieaustauscti zwisdicn 

* • dem latcr.ten Warmeinbalt dcs Spulgasstromes einersc.ls 
‘ und des Rohgasstromcs andererseits fiber die Spcidior- 

’ ‘masse als Zwisdienliager. die sowohl die positive als 
audi die negative Werinotbnung zunadist speuhert, urn 
" sle nadi der Umsdiallung an die anderc Gasart abzu- 
’' geben. Der Vorteil dieser Art dcs Energic- und SloHaus- 
’ tausches gegenuber den ublidien Reinigungs- und Zerle- 
gnngsvcrlahrcn, bui denen die Kondensation aus cinem 
■*. Dieliikomponenligen GasgPfnisch oft in eincin tic eren 
Temperaturniveau vorgenommen werden mull als die 
Vcrdampfung. besteht darin, daB cine Verdunsturrg der 
Kondcnsate im Strom dcs Spulgases und der Zerlcgungs- 

• produktc in annahernd dem gleidien oder cinem noth 
«• .tieferen Temperaturniveau eintritt als die Kondensation 

wodurth einc angenahert reversible Arbeitsweise erroiui 
wird. 

Die bei der Kondensation frei werdende Warmc wird 
. yon den Spoidicrmasscn zwar im wescntlirlien nulgcnom- 
men. Reste gehen jedo.b mil dem Rohg.isstrom in Zonen 

* tielerer Teinperatur. Audi die bei der Voidunslung frei 
<' werdende K.ilte wird teilweise in Zonen holierer Tonipe- 
- • ratur getragen und tragt zur VergroBcrung dcr im In- 

ten sse dcs guten Warmeaustausdics moglidist klem zu 
haltendcn Tcmpcralurdilfcienzcn an den Warmeaustau- 
; sdrer-Enden in unerwunsditer Weisc bei. vor allem wonn 
'. eiheblidiere Mengen von Kondensat abgesdnedcn und 
« . *iedcr verdunstet worden. 

Encrgic- und Sloffousfoutth in mi» Regcncrotorcn 
kombinicrion Adiorbcrn 

,'•> ; Dem votbesdiriebcnen Vcrfaliren der Gasbehandlung 
} In Rpgeneralorcn sei ein' roldies in Adso.bcrn gegcntlbcr- 
gestellt. wobei die Adsorber in bestimmter Weisc, mil 
. Rcgcneratoren kombinicrl und betrieben werden. Diosc 

t * CSf ate-ln.) .-Tedin. 

• U. Jakig. ItSl I Nr. 1 
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mid 3 Sdier.iaiisdic Daistellung des mfl Regcnciatoien 
aibcitendcn Soibogen I-Veilahicns 

U " • • y -<• ( y- ° 

Sorbogen I ■ Verfahrcn 

In der kombinierlcn zweiastigen Eimiditung. die rail 
Rohgas bzw. Spulgas von etwa gleicher Tempcratur be- 
sdiickt wird, und die sich liir jeden Asl aus einem Kall- 
speiclier. dem Adsorber und dem Warmspcirtier zusam- 
mcnsetzl, stellt sidr ohnu auBercs Zutun, lediglidi unter 
dem EinBuB dcr posiliven Warmetonung des Adsorptions- 
vorganges und der i.egatlvcn Warmetonung des Desorp- 
tionsvorganges, das Tcmpcralurgelallc im Adsorber der- 
art ein. daB die Tempcratur von dcr Eintrittsstclle dcs 
Roligascs zum Rcingasauslritt ansteigt. Es ergibl sidi hicr- 
bei ganz. von selbst, dafi der Speidier aul der Rohgasseite 
die Eunktion einrs Kaltspeidiers. der Speidier auf der 
Reingasseitc die Funktion eincs Warmspeichers uber- 
nimmt. 

An den freien Enden dcr Speidier herrschon nadi 
Bild 4 je nach dem Jcwcilige.n Betriebszustand der Ein- 
nditung von der Umgebungstempcratur nur wenig ver- 
schiedene. in geringen Grcnzcn sdiwankende Temperstu- 
ren. Die Tempcratur eines mit Umgebungsteinperatur in 
den Kaltspcldier cinstrdmcndcn Rohgasteildiens sinkt 
also zunadist im Kaltspcicher, steigt im Adsorbens wie- 
der bis auf uber Umgebungstempcratur an, urn lungs dcr 
Sdiicht des Warmspeidiers winder auf etwa Umgcbungs- 
tempcratur abzusinken. 

In Bild 4 ist dcr Tcmperalurverlauf der Case in den 
beiden Asten jcwcils kurz vor der Umsdiallung darge- 
stellt. Im lntercssc dcr vercinlacbtcn Daistellung wurde 
hier und in Bild B das Stiick dcs konstanten Temperatur- 
verlaufes fortgelasscn (vgl. Bild W. . . • 

>• 4 f <?*' 2L scu , s _ aj 
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l>..uli rcycliinutiyc UiiiMlmllimy hi hrgtcnzlcn /nt- 
r.Himvn wud dulm yi-Muyi, ilalt dor lt-iupi r.itmtir.iUu-nl 
sonuld ini Aihorlu ns als .inch in don Spciiluin aulrctlil 
, * bleibt. Das Spulcjasti iltlu-n, welches dm jcwcils 

bi-ldiloncn Adsorber n.uii dor Uiiiscli.illuug cnll.idt, un- 
•crliogl, wie eisichlliih, tnngckclut win d.is Itohgas, da os 
entgcgengcsclzl in diesoni sliuml, zuii.itlist i-im-in Tom- 
pcraluransiicg ubcr dcm Wdimspcidicr, ansclilioBcnd 
cinem Tcmpcraturahfall cntl.ing dor Aclsoibcnssdiiolit, um 
ansdilioflcnd iibor dcm Kallspcitbcr am andcrcn Iindc 
dcs Adsorbons xvicdcr ou( Umgchiingsloinpcralur .mere- 
Wdnnt zu wordcn. 
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Dm lici dor Bindimg adsorbioibarcr Bcslandtcilc am 
Adsorbons fieiwoidcncle Adsniptionsw.il mu wird mil dcm 
gorcinigten Gas emo bislimmlo Slrodtc in dor Rich lung 
ucr Stroinung d,'. Rohgases forlgrlraycn. tin Toil der 
\\ ormo vciblcibt aul dcm Adsoibcns solbst, da audt die¬ 
ses cin gewisses W.nmespoitlicivetmoyen hcsilzti der 
restlichc Toil wird von dor Spoidicimasse aulgennmmen. 

Umgokchrt warden bei dur Entladung des Adsorbons 
cnlsprcdtendo Kaltcbetrago iiei bzw. Waimebelrage ye- 
bunden, die toils aus der Adsurbcnsmasse sclbst, toils mis 
dent Gas entnomim n werden. Dabei kann die Tempcratur 
w. scntlich untcr Umgebungstcmperntur sinken. Die bei 
dor Entladung erzeugte Kaltc verbleibl nidit allein auf 
dem Adsorbons, sondern wird duitli das Spiilyus zum Tell 
aul den Kaltspeidicr ubertragen, in dem das mil Dcsurbat 
>eladene Spulgas wiedcr auf elwa Umgcbungslcmpciutur 
angewarmt wird. 

Jc groBer die adsorbierten Belruge sind, um so grofler 
ist nidit nur die Wdrmcont wick lung bri drr Adsorption, 
sondern audi die Kalfeerzeugufi^ bei der Desorption. 
Die Speictiermasscn an den Endcn der Adsorptionsschidit 
sorgen dafur, daB die Warmctdnung dcs Adsorptions* 
vorganges, die sonst z. D. durdi Kuhlwassrr abgcfuhrt 
und vernichtet werden muBtc, nunrnchr nutzbringend fur 
den gegenlduhgen Desorptionsvorgang, der bishcr durrh 
lleizung unterstutzt wurde, zur Vcrfiigung stcht. 

Erselzt man die Spcidier an den Adsorbcns-Endcn 
durch Rohren-Wdrmeaustauscher, so wird die glcichc 
Wirkung erreidit. Die Umschaltorgane liegen in dicscm 
Fall zwisdicn den kontinuierlidi bctrichcncn Austau* 
sdicrn und den Adsorbern, Bild 5. 

Die bereits fruher vorgesdilagcnc Anordnung des Ad- 
sorbens in den Rohren des Warmeaustauschers und die 
Durdifuhrung von Adscyption und Desorption-in diesen 
durftc die Wirksamkeit der obigen Anordnungen niebt 
’ ganz erreichen. 

gereinigtes Gas 


, reines 
Spulgas 

/i ... 


Adsorbent ^ < 


i gieii/.len Zcit- Dus Trinzip tier Tc ilbelmlung.uiul Tcilenllcclj-in 
pcratmgr.iclifiil , 

i-iilu in aulreclil 4 /’"A v "‘!b">U «'<•' !«• mid Imil.uhmg ,!es 

In s tit'll Jewells A,ls0,l *‘»s be/uybcll tit s Sjmly.isveilii.. .myi na- 

IHJ ,.,|||.j,|t un . Iu ' rt ••'icrsilit'l SOI Mill yclit mill yUnliz.-iti-i liobe Kcini- 
s Rul.nas, <la cs «J"»0 ^-'lokit.' eizielt wenlm, k.mn Uiir.h zivo. A.-beils- 
list cinem Tcm- P ,llm P' l 'n bei tier 111 lailung u/.w. tiitlacliiny dcs Ailsor- 

•r. ansiblieBcnd '“"V ,d '"' S, ° M " J “ ^‘iizynen 

bcnssdiiclit um <<r *cdbcladimy mid Icileiilladiing br/.i-iinncl 1 ). 

andcrcn Elide Dali iin cmstibmo-ncJcn Kuliyas das Ailsoibcns nidit 
ntpcraliir angc- b,s z,,r Scilliyuny somlcin mu bis zum snyco.iontcii 
Durchbiudiswcrt (d.h.tlcm Bcladungswert des Adsoibcns, 
. ,le < <lcl, > <•**! zu cntferneiidc Kompom nlo dcs stidincndcn 

cstandleilc am Gases ini aic.lrclenden yercimgten Gas i rstbeinl) bciaden 
10 IS| bereits sen langcm allgrmem bckannl. Will man 

n der Ricbtung jcdocli hohe Remhcits write crieidicn, so ist dm llela- 

i <,< -’ s Atlso ' 1 *cns bis ill die Nolle dcs Durchbnichs- 

st, tla alien die- wcrles nodi zu hodi. • 

•n besitzlj der . , 

aulncnomnifii Nath <U,n " oufca ri,n?, P <l, -' r Tcillrcladmig w.rd dos 
Adsorbons nur bis zu eincm Biudilcil dcs Diiidilniidis- 
dcs Adsorbons wertes bciaden und die Beladung Uann ahgob.-odien. 
imcbelrago ye- Auf diesc Weise blcibl eino relaliv yiolln Adsoihens- 
sclbst. toils aus sdiidit volliy unbeladen, was hinycnurnmtm svcidcn 

die Tempcratur kann, da die Eigenarl dcs gcsdiildeitcn Vcrlalirens und 

inken. Die bei der Anordnuny cine hauligcro Unisdialtuny yeslattct. 
iicht allein aul Durch Anwcndung dieses Prinzips wurden in eincr 
lulyas zum Tell tcdinisdicn Anlagc, win spalcr bcsdiricbcn, erstaunlidi 
is mil Desoibal hobo Rcinigungscllekle diei Lull auch von scihullnis- 
■ngslcmpcratur mallig sddedit adsorbicibarcn Verunreiniyungcn wie 

CO;, bei oilier Tempcratur orieidil. die man bislicr als 
I, um so grollrr unyccignet lur diesen Zweck angcFchen hat, zumal, 
er Adsorption, wenn gleicbzeitig von einer Erbitzung dos Sjrulyases 

or Desotplion. volliy abgeschen wird und das nodi zu bcstlireibcr.de 

orptioiisschidit Arbeitsprinzip der Teilenlladung angewendet werden 
> Adsorptions- 50 " Voraussctzung lur den liodistcn Rcinigungseflckt ist 
sser abgclulut iclbitvcrslandlidi, dad das S|mlgas von den zu entlcr- 

Jtzbringcnd fiir nenden Bcstandtcilcn volliy Irei ist und slots in dersel- 

r bishcr durrh ^ cn - zur Robgasslromiing cnlgegcnyesctztcn Richtung 

j stcht. ubcr ‘ 1,IS Adsorbons stromt. Das l’rinzip dor Tciicntla- 

. c dung grtindet sidi aul die Ubcrlcgung, daB cine volistan- 

or ens-tnden digo Entladung des Adsorbons ctnen zu lioltcn Spulgas- 

. 9 ICIC| ’° anfwand cilordert, um cs lur die nadifolgenrie Pcriode 
rjen in icsom ,j ( , r Beladung moglidist aulnahmebegieriy zu machcn. 
■icncn Austau- ~ . . ... 

Die beiden Arbeitsprinzipicn scion durch Bild 6 er- 
lautert, das sidi aul Messunycn grundet, die vor einiger 
tlnung des Ad- Zeit im Laboratorium der Gesellschalt fur Linde's i is- 

idiers und die maschinen ausgeluhit wurden, und iiber die sputcr be- 

lion.in diesen ridilct werden soli. Dabei wurde gelunden, daB man die 

dnungen nicht bei Umyebungstempcratur (etwa 20°) uber cine 1,5 m 

lango Sdiicht einer sog. Carbotoxkohle von 1 bis 2 mm 
Kornung gefuhrlc Luft von ihren Verunrcinigur.gen u. a. 
auch von der sdtwor adsorbierbaren Kohlcr.saure mit 
cinem Reinigungseffekt von erhehlich Ubcr 9»"/o ent- 
» , ,( C.'-fJX/.,Ci fernen konnte, wenn man, ausgelicnd von einer CO,- 

mu s ums.i .... Restbeladung von etwa 8V« des Sattiyrf*gswertes, die 

Diist'eiruKy 'i-y 2f”*W Kohle h i s 2ucin « m Wcrt von etv ' a 25*/* <»«-‘S Salliqungs- 
warmeaiistausc^ern arbeiien- wer,cs bel,lrt lind dann ansdilicfiend bet etwa gleidier 
den Sorboyen I-Veiiahrcns Tempcratur mit etwa der drei/adien Menge S|iulyas im' 

.AS., • ~ ,//i /u A Gegonstroin bis auf den Restwert von etwa B'/o wiedcr 

Af- i,l y t A cA A:,y» •- . Icilentlud. 

In Bild 6 ist mil der Abszisse die Sdiirhtlang,; in Brudi- 
tcilc-n der Gcsamtsdiidillange, auf der Oidinatc die rela¬ 
tive ..Beladungshohe" im vcrlikalor. Qiirischmtt der 
it-ilet*/* >■ ,Vt’ ■ ^ •' M 'V /•**: At / . 
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. 'lit., I (il.u Adsmbcns ist lir<|i'»*l J in Br.idiloi- 

iWlot m.ixini.ilnii (-b.ltiqumis-) r.*l->«liin«| 

Widen S-Io.inig.-n Union shirt die Brlathmqslinnlcn. 
lii,. sag. Zulmlomi ..■nno Z, (••tul.ltli mI.mII.c.I| cm- 
• ; ; c n, , 1 . Dio linko Pionl llogrcnzt din Zpiio dcr il.niMn- 
Vn Roladim.J l'7.w. Koi.tl.nUl.ig |R rtoppcH srhialfioit). die 
-Celtic Front die Zone dor 7.,ilad>mq im AugcnblUk il<;r 
UiiOdi-dlnrn aid Goqonstrmm nllaihing. Zwix.bon diosor • 
icdi'on ‘M.jnniqou r>olaclim>.|stronl rmd d.-.n Sihi.htoi.de 
’lied dio unbol.nlenc Zone. IJtior dioso nnd .ilinlidic Mes- 
sumjcn wild in cinor spatoren Arlicit horidrtot werden. 

Dadurch, daB im Gcqenstrom mm Rohg.ts liber das zu 
cidladcmU* Aclsmbcns slronionrirs Spiilgas /inn Sihlusse 
,’io slanihg im Saltigiinqsziistawl bolindli.be Adsorbens- 
sdurbt b.spidt, l.jnn sich das Spulgas bis z„m S.blnll 
,'cr Spu'.qasporiode mil cincm Maximum an Besot- 
bioiten Bestandteilen anlladon. Dio Spoiling wird bocn- 
det, wenn dio Aulladung rlos Spnlgasos wrscntlkh ab- 
sinkl. Man kann boi isolbormoi Tcilbelndung nnd Fnt- 
ladung boi gloidiom GesamUIrnde mil olwa (lorn droi- 
• fa.bcn Spulgasvol.imen ircbnen, wenn man gloirttzolig 

I. ocbsten Roiniqunysrllokt veilangt. Mil zweitachor Spii - 
qj-menqo sink! dor Rciniqunqscflekt c-twas ab. Bel JC 
5'C hdheror Spiilgastcmpctatur rrnicdrlgt sidi das Ver- 
h.dtnis dos Spulgas- zum Rohqasvolumcn jowrds aid die 

II. ddo. so daB man boi oinor um 10” boheton Temperalur 
bcrcils wenigor Spulgas als Rohgas benotigt 5 ). 

Es i s t Sadie tier Planung, dio Forderung, das vorlian- 
deno Spiilgas qut ouszunutzcn, mil dcr Fordcrungi na 
cutem Wa.mcauslausdi in Einklanq zu bringen. Es ist 
jcdcrz.it moglidi, dio angegebenen Riditwcrlc um Bruch- 
; Itilo zu uborsdrrcitcn. so daB bcidc.i Fordcrungen die 
: sidi nidit widerspicdrcn, leidit geredit zu wer.lcn ist. 

Dcr Umstand, daB man boi isollicrmer F.nlladung cin 
■' M.hrladies des Robqasvolumens nn S|>iilgas bonotigt, 

* zciqt daB man trotz dieser sparsamcn Arbeilsweisc dodi 
mil ciner gewisson Hysterrse redrnen mufl. Abgcsehcn 
davon daB man volligo Glcidrqewichlscinstcllung zwi- 
sd.cn ndsorbierter Phase nnd Gasphase nidit erwarten 
'kinn, liangt dcr Mchrverbrauth an Spulgas mil der Tem- 
; -peratursenkung zusammen, die sidi bei dcr Entladung 
d.s Adsorbens in der zulclzt gespulten noth verhaltms- 
'.miiBiq bodi beladcnen Adsorbonsschidit cinsteUt. Im 
Laborraaflstab, d. h. bei groBer Obernadie im Verhaltms 
"mr Masse und guter Warmeab- bzw. Zustrahlung ist dte- 
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i- sor l lltkI kaiim merklirh. bei oinor tchn.s.h. n Ar.b.ge 

konnlo c, .I. doiillirb b. oba.blet vordon. Die Ano.d- 

,, nun.| .lor SpeUhorma.scn an don Endc. c.or Acso.b-ns- 

,. s. bulil boilinyt OS. daB sub d.ov-r Ellokt m‘ht •“"* 

slue, auswiikl. Als l olye dor Anwc.-ndunq ..os rml. nt- 
ic lu.lunyspiiiizips lain -be nn A.lsmbens nod. •.f.ib....du.e 

,, r itoslbola.lunq lungs dor Uesll)ola.!u..gsl,oi.t die A.lsorp- 

cr . Iimis.va.me wahrend derBelariung n.rl.t aul omom 

lo raumlidi engon llotcicb, son.lcrn aid erne qn.dore Sl.etkc 

; s : vr,lo.lt 1 . 0 . Worden, worlurd. do, berets obon erwah.dt 

„ T. inpoialuransliog gogen das Adsorber,-I n.lo bin und 

oin bossier thonnisdicr Wirkungsgia.l crz.elt v/ird. In 
Oin. m V.dlig enllodencn Adsorbens wur.lon dagegen aul 
SL ' ktoinoin Raum g.oBo Wdrmomengen Ire. werden. was 
vom Stan.lp.mkt des t. vorsiblen Arbedens g. sol.cn be- 
sunders dam ungiinstig si. worm wie be* mSorbogen 11- 
u ' Vo.lalircn, Bdd V*), aus besonderen Grunden tier Tom 

petal,..gradient lungs dor Adso.bcnsschd.t dutd, He,*. 
,h " bzsv K.ddeimiditnngen zwisd.cn Auslaustbern und < - 
so,born vorg.oBc.t wird, um etwa ndddigero Verunre,- 
nigungen bzw. Gasbeslandtedc zu b.ndcn und evil, an- 
Vp 7 .uroid\prn. * 
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Sorbogen U-Vcifahrcn 

u' Hierbei werden cine K.ddeinrid.lung am Rohgascin- 

tur Irillsendc, z. B. zwis.hen Kallspeicher und Adsorhens. 

bzw. eino Hoizoinrichtung am Rc.ngasausttillscndc, z. B. 
zwisthen Warmspcicher* und Adsorbens * n O co,dnc . 
an ' Diese Einriddungen erlauben, Heizung und Kuhlung in 
arh beiden Aston glci.bzcdig und slan.llg bctrcibcn. Da- 
ist durch wird Zoit qcwonnen tur das Vorkuldcn bz . 
ich ‘ erl.ilzen der Spei.bermassen, die das Rohgas vorkuhlen 
die bzw das Spiilgas vore.hit/en sollen. Dio gegcnseitige 
BceinBussung von Heiz- und Kuhleinrichlung w.rd durd. 
ein die icgclmaflige Umsd.altung und (he stanriige Aulredi 
ligt crhaltung einos Tcmpcraturgelollcs langs der Adsorben - 
loch solid.t verhindert. .le nad, dom Strom,mgszustand ,n der 

hen gcrade herrsdiendon Scbaltpcriode kuldt die >'uMc,n- 

rwi- rid,lung ontweder das Rohgas vor semcm r.mtritt in das 

.ten Adsorbens odor nad. Umsdialtung das austreiende be- 

cm- ladene Spulgas vor dessen Eintritt in den KaltspeiAcr 
lung der nun nach vnrubergehender Tc.lanwarmung durm 

inis Rohgas wieder teilweise kaltgeblascn wird. Bild 7. Die 

Z Ucizeinridit.ing erhitzl in ciner Per,ode das dber dem 

Unis Warmspeidier vorgewarmte Spulgas bevor « aul da 
die- Adsorbens trillt. In dcr daraut lolgendcn Pc, ‘u <le 

sie das gereinigtc Gas. bevor es aul den ansdrlieOenden, 
vorher tcilgckuhlten Warmspeither Inllt. Dcr Warm 
. spridier kann daher nad, dor Umsduiltung lustrdmendes 

Spiilgas wirksam vorwarmcn. Selbslvcrslandlich Ucgcn 

aud. bei dieser Anordnung Adsorbens und Speidiermas- 
sen im dauernd nufrcdit erhaltenen Temperaturgclalle. 
wobei das (reie Ende der Spcidiez sidi stets annahernd 
aul Umgebungstcmperatur bebndot. Bild B Auch hier 
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wietlorum die Anclcrung tier Tcinpcrutur cities tlurili <li«* 
uini ithlunij slrtimcmlfii Rnl cj.is- b/w. Spulguste lUhfiis 
kurz vor der Unischiiltuug schcmatisrii <l*ii«j« slf-111 IJnter 
dem LinfluB von llcizung unil Kuhlung uhrisilinritlen sith 
die Tcinpcralurhnicn von Roll- untl Spulg.is. Durdt clio 
strichpunklieito Linie isl winter tier Veil.ml tier Mil- 
trlteinpcr.itur ties Adsoibcns b/w. tier Spcitheiiii<isso 
tl.iitfeslrlll. Guii’dig ist l»r» tltrser Anoidming the Ver- 
sltirkung ties Jlcizungseflektes third* clio grgen d.is Atl- 
so» bens-Cnde c|eh«igene Atlsoiptinnswuinif nnd tin- Ver- 
sltirkung des Eflektes dor Kuliloinriditung tlurdi the go- 
gen den Atlsorbens-Anfnng qclrngcne Desoiptionsk.illo. 
Audi diesc Anordiiung l«if\t rino angrndhert reversible 
Aibeitswcisc bis in Gebicte well gosmklor Tcmpeintur 
bei cntsprechcnd grollcm Trmpctdturqefalle zu. Wie 
bereils oben ciwuhnt, ist cin IJhrtschuA ties Spulg.is- 
volunicns liber das Rohgasvolmm.n bereits bei lO ft C Tem- 
poralurerhohung des Spwlgasc* nidi! mehr crlordorlitli. 

Will man die atlsorbierlcn Gdsbostundlcilc wiedcr 
gewinnen, so geniigt cine weilere Erhohung tier Tcm- 
peraturdifforenz mil glridizoiliger Vcrmintlerung der 
Spulgasmcnge. Eine wcitoic Moglidikeit tier Anreirhe- 
rung bcsleht in der Desorption bei Unlerdrutk zweric- 
mallig und im Sinne dor obigon Ausfiihrungcn unler ilei- 
behaltung dor Gegcnstroinspulung. Als Spulg.is kann un- 
tor diesen Umstanden audi ein vom goreinigien Gas bin- 
tor tlem Adsoibcns nbgezwcigtcr Tcilstrom verwendet 
worden. Die Anwcndung cincs miiOig, / . B auf 2 b s 10 alu 
crholitcn Druckcs bei der Reludung ties Atlsorbens ist 
gunstig, falls das gcrcinigtc Gas untcr D tick zu» Ver- 
fiigung stclicn soli. Bei hbheren Drucken steigen die Gus- 
vcrluste bcim Umschaltcn u. U. iiber einen zulassigen 
Wert, da auch ein Toil des gereinigton Gases adsorbiert 
wird und bei der Druckentlastung bcim Umsdialten ver- 
lorengcbt. Ubcr die technischc Anwcndung ties Sotbo- 
gen I-Verfahrcns sowie die vorbereitenden Versudie da- 
zu soli in eincr anschlicflenden, spateren Arbeit beriditot 
werden. 


Zusunimcnfassung 

Die vei Itiliieie.iii.iihgcii mat .ij par.itivon Vor iv.ni './.tin- 
gen liir eintr angtn.thert roveisitilt* A»lxi ,, .\vt:j'»e (cl; 
Stnbogen 1-Verhiliren Imv itlmel) liei iu-i Ui ii.tgiii.g voii 
Gasen thinli Adsoiphoti l»ei vt rluiline.m.iUig kur/'ri.ii- 
geiil Welle.e| tier Adsorb**! vt»i/Mtp.weis** (ur die /v/t tkt* 
finer wt’ileien /ci Icjuiwj ties leinen G.tsf. iiiiI.t rihoh- 
tern Dmtk und bei eiuietliigler '1 • iapei«itur w«*it!en 
erhiutert Das Verftihrcn wird inftdge tier Ahnlidik. it ties 
Ihnsrbaltbelnt lies sowie Iheiinr.rher und s'ldtaustausdi- 
miibiger Ligeiituinlithkoite.i lint dnu Vcrl.tlinn th-r Gas- 
reinigung climb Kaitcretjencrutomi vt:rglid;cn 

An llantl von Sdimia/.cidinungtn nnd Diagiamuoii 
wcrtlcn die Prinzipien des ..revet sildeii’’ Arludens, nam- 
licit W irineauc.tausch /.wistlien Adsorptions (i’» i.ule ) 
nnd Desorptions- (Entlade-Jvorg.ing auch ol*ne /*nv.*»n- 
dung von fresnden Ifeiz- und Kiihhiuellen erlau'e:'.. Eine 
Bcdingting, um einen horhslcn Reiniyunqsefh kt auch bei 
tier Enlfernung silnv» r adsoibicibarer Von:nrrin;gunt;on 
/u erreichen, ist tin* Aufn ditcrhaltung finer st ar gro&cn 
freien (unbelutlenen) Zone; dies wird als das Prinzip 
tier ..Teilbehidung' bozeichnet. Eine ..reversible'' Arbeit-.- 
weise wird tlurch Anwonthing ties Prinzips der „7ei»cnt- 
ladung" gefordcit Die bekannto und folgorichtig slots 
anejewandte Spiilentgasung mit leinem Spiiltjas im Go- 
grnslrom /.uni Kohgas ist eine weitere Voraussetzuny so* 
wold fur bodistcn Reinigungsoffokt als auch ..reversililcs’' 
Arbciton. Dio Arboitsweise lur eine Anrcicherung und 
Gewinnuny udsorbierbaror Bestandtcile (als Sorbogen 
Il-Vorfahren bozeichnet) untcr Anwcndung der cjUuchcn 
Piinzipien unti untcr sparsamster Verwendung von Er.er- 
gic fur lfeizung und Kuhlung n«*bst den apparativen Vor- 
aussotzungen hierfur wird anyegoben. 

Eingeg. 11. Aug. 19 i2 (B 3 fi 0 | 
•) Dtsch. Patrntanm. G 6724 IV b/t2e. ' <, 

? ) Dtsch. Palentanm. p 21720 IV b/;?»*r*. / 

1 1 Dtsth. Patcntdrnn G 40S IV b/l2c. , f 
4 ) Dtsdi. Patentanm G 94 IV h, I2e. 
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Versammlungsbcrichte 


Vortragstagung ..Kcchtemperaturtechnik' 


am 10. Oktober 1952 in Essen 


Der ArbeitsaussdiuO .llocbtemperatmtcchnlk* Im F-tcbaus- 
sdmfl Verfahrenstcdinik des VDI trat am 10. Oktober 1952 zuni 
ersten Mai mit einer Vortragstagung an dlo Offenttidikoit, nadi- 
dem cr bisher iiber seine ArbcitssiUangen nur Kurzberlditc vor- 
offontlidit hatlt! 5 )*). Sio land gomcin^am mit dem Haut tier Tech- 
nik c. V., Essen, slatt. Prof. Dr.-fng. habil. K Kiehclrr beepufile 
die Vcrsommlung, vor all^m die auslanthscbon G.iste Dir. 
Dr.-fnq E. h. K. RleB legte als Obnunn des Fadiaussrbusses tlie 
Crflnde <lar, die vor cinigcn Jahrrn zur Schaffung do* Aibeds- 
aiissrtiusses gefilhrt batten, obwohl sdion der Industrioofcn-Aus- 
sdmft beim Verein deutsdrer Masthinonbau-Anslaltcn und vor- 
sdiiedcnc rinschlagigo Aussdiussc bcim Verein dcutsdier Elsrr.- 
huttentcute bestanden. Cr befuOt sidi mit Problemrn out folgen- 
den Gebieten: 

1. Physikalisth tcdinisdie Cnindlagcn 

(Wariiieubcrgamj, Strdinungsfragrn, Fragrn der Obcrflithcn- 
Teaklioncn u. a ), 

2. Vcrbicnnunqs-, Vergasunqs- und Enlg.isunqslcdimk 
(Gascr/cutjung, Gas-. Kohtenstaub- und Ulbrenncr, Carbu- 
ricrung), 

3. Ofrnbau 

(konstruktiv. mit Wirmcrflckgcwlnnung), 

4 Baustoff-Fragen, 


S MeB- und Rrgollecbnik, deren Entwirklung sclbst p’tiodi in 
dt*n Iliindrn ties Notm»n<tussrhusses fur N!c3- und P. grl- 
teHinik licqt. 

In rnger Bedchung 211 den interesslerlcn Kreisen <b r Praxis 
soil dor Auskriuifl tlic d r rgluhston Aufgahxn K e:ai:ssi«»'.trn. s.c 
an tlit* riclitigcn Stellen zur Bcatbeitunn leitcn und sio f:n.sn- 
xicrcn helfcn Wcrtvolle Hilfo wird hirrhei this r.ruo fns'.itut filr 
Vcrfahrenstrdmik in Aadten Iristcn kounen 

Znm AbscHluB tribe Dr Riel] — nut Wortrn dc* DanVr» ftlr 
dir geleistetc Arbeit — mit, daft Prof. Jr>h Kdrllna any Cesitnd- 
heilsrutksicbtcn scin Amt als Obmann niedrrgt !c«jl und Dr-Imi 
A Sdiark cs ubernommen hobo; tlann dbetg.ih or the Le.tu’'g ». *r 
Taqung an Prof. Dr.-fng. /•'. Schuster. 

Prol Dr. Inn. E SCHWARZ VO N DEROKAMPF. Uol'rn' 
RnHonel'e MtHlellhclruchtup^en vrn ln<fu*lrie OAn 1 ) 

Die Untc r »uchungen liaben zuin 7.iel, an It.ir.J von dir- 1 ’".- 
sionslosrn KciirigroAeii. wie drr Reynolds . Guiiha- und .Vi:Pr/f* 
stbrn 7.ahl. dir Ubcrtiugung von ModrllgioScn auf «:ro. c Be- 
trirbsaiisliihrunqen von Ofen zu eriutPjhth«>n. Dir Crtjobv "•? 
tier tlurdirji'liihtli'n flrtbruiiujcrt stimmlrn ulicrra«ct*rnd »;'it t*bv- 
chi mit finer qrofii’n 7ahl von Aiisfubrungen tier \rr»viif«!rr.- 
sten Ofrn, wie Sdiatbtotru (IloibOlrii, Kiipolofrn, Ka'.koUn 
usw.J, Hcrdofen mit flilsiigem und festnn Gut »*>w«o Drol.uf.*n 
Diu vo’ii Redncr tditgefulittoii VcrgidficruntjM'xponcu'en rtV’n 
dem Ofenbatier wcrtvollcn Anhalt bet scinrn Dcrethnurijon. 
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the "REVERSIBLE" ADSORPTION AS A MEANS FOR PRECLEANINC 
AND FRACTIONATING OF GASEOUS MIXTURES 
by Dr. -Ing. Heinrich Kahle, 

Gessel1 schaf L fur Linde's Kisinachiticn AG., llol 1 ri < gc 1 sk i eut h 


On hand of diagrams and schematic layout example;:, the 
nrinci.nl o:; as well, as the equipment and 1 process 1 oundal 1 ous lor «*n 
approximate reversible gas cleaning and separation L iioug. ' llned 

For the nuri>oso of extreme purification of'the process .a; ,re txpl.iinea. 
The recuisits kre: combination of adsorbers with heat - xchangers al 
both ends of the adsorbers, loading and unloadtng JnniL.-.lLon she 

adsorbers as well as counter flow unloading with .uL.oib.iLe tree pv g 

gases. 

Strictlv reversible processes are neither known in the 
technique nor di 7 they appear Ctlainable. But there arc 

particularly in the fractionating technique of gases at Tl«w td.'P^aeur - 
which come close to a reversible operation. Tn this iesp.it, a rever 
sible operation shall be defined as one that has a techni UU ™™ U 
efficiency or approaches it. (This in turn is a part of w at ^1" 
be obtained in thcon itical reversible work operations ) li e op. nLion 
of heating and re-cooling of gases can be called nearly icvtisibie 
if it is done with the help of the counter flow heat exchanger with 
lowest possible temperature differential. 

Also in the exchange of matter have such operating methods 

become known. For example, fractionating 1 s 1 ‘of J I^LLer in 

i haL is approaching rever.vibi.lity in the separ.it ‘ r . • mi 

■bit it worth notin- are also processes where the heat of solution 

o^th^washiAg operation is used 1 for the heat intake needed in the 
degasing of the loaded washing means at a small mean Ueinpera.u. . 
differential between the two processes. Often constdeiuhle Lem -™Lure 
spans are covered, i.e. when the solution processes arc taking pace at 
low temperature levels. The two operations of the energy and matte 
exchange arc running parallel in this case. 


Energy and Matter Exchan g e in R eg enerators 

Energy and matter exchange can be reversibly accomplished 
to a lar-e degree even over great temperature differentials with 
proper sizing and time cycling, especially when the to-be-exchanged 
Quantities of matter are in moderate concentration. 


An example is the cold temperature exchange concurrent with 
the exchange of matter between raw gas and purged gas in a cold 
-temperature regenerator. 

I Picture 1 shows the usual regenerator arrangement of n 

. fractionating apparatus with two equal, periodically and regularly 
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cycled with storage mass filled regenerator brunches, t «">>»• 
Lbo cycling components whose operation is schemaLicaI Iy -! 
The operating condition before cycling is shown by the sol 
the operating condition ni ter cycling by Lite lashed arrow 
diagonal-bur drawn into the upper and Lower scheiuul.ical ly 
cycling component connect after every 00° rotation 
tively the outlet lines for 1 ho in and out going ga 
the oilier branch of the apparatus. Tlio raw gas 
impurities enters the left regenerator .at about 
trated cycle, gives off its condensible parts Lhrough con-! 
to the storage which had been cooled before and leaves Liu* 
upper cycling component as clean gas with Jow temperature 
minus 100° C) to be passed on to the fractionating apparat 
same Lime, clean purged gay, i.e., a fractionation product 
through the upper cycie component into the right -storage r. 
and flows out at the lower cycling component at about 20° 
the impurities which it collected through evaporation. Th 
course of a particle of the gas along the storage mass in 
as it adjusts itself in its steady condition at the eel of 
gas period respectively at the end of the purge gas period 
words shortly before the cycling, is shown in principle by 
in Picture 2. 


thcr w 
own. 
id arm 
The 
shown 


th 


inlet re y pee - 
each Lime with 
with Liu condensible 
2') 0 C in i lie i 1 lu - 
i na L i oi i 
on ,h the 
(i.e., 
us. AL the 
, flows 
L minus !r >5° 
loaded with 
e temperature 
the regent rat 
the raw 
, in other 
a diagram 


The gas that roaches the storage inass shortly before the 
cycling changes its temperature initially only very little at Lhe 
beginning layer of the storage mass, because this layer litis already 
adjusted its temperature during Lhe prior inflow Lo that of the 
constant temperature of the incoming gas. Only further down the 
inass the temperature of the raw gas falls off, respectively that of 
the purge gas climbs. At all other times, between the two cycles, 
t.he temperature lines of the flowing gas stay between the fnl dashed 
and solid lines, whereby the points lying on both curves vertically 
below ar.d above one another represent the two temperature extremes 
at any cross section ofj.be storage mass. The temperature of the 
storage mass itself movesjalso between these two curves. iLs mean 
temperature is constantly~in Lhe steady condition+corrosponds to the 
dot-dash curve. One characteristic of the regenerator operation is 
this constant temperature slope in the storage mass which is dependent 
upon the type and quantity of Lhe inass as well as the temperature 
condition and the composition of the raw and purge gases. 

If the raw gas contains condensible components then at a 
given point in time, which depends on respective operating conditions, 
and in a certain area of the storage mass condensate will be separated 
from the raw gas on one bond and on Lhe oLher hand evaporated into the 
purge gas in a quantity that can be calculated in advance, because Lo 
each temperature belongs aspecific saturation pressure of the i ondtm- 
silile part. At specific temperature differentials in Lhe area of 
saturation a certain amount of condensate will always be knocked out 
in the "to-be-warmed" regenerator; respectively will bo evaporated 
in the "to-be-cooled" regenerator. At Lhe same time a given amount 
of condensation heat i.s released on one hand respectively required 
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un the other hand. This positive* rcspectivl ey negative, Umpoi .ilurt; 
l;.i nL superimposes List? If on l he normal energy exchange bcLi-.i (*ii ,n(1 
latent temponature content of I:lit* purge gas on one side* and the i.iw 
gas on Llie* other siele, with Lhe storage mass as l lie* exchange* medium, 
which store's Lhe positive as well as the negative temporaluie Lint 
initially, Lei pass it on to the other gas type* a£ter cycling. ln< 
advantage of Lhis kind of energy and matter exchange,compare*d with 
the.* usual cleaning and fractionating processes who re the; cenidensat i .on 
of a multicomponent gaseous mixture often has Lei take place at a _ 
lower tempera Lure than the evaporat Lein, is that the evaporation ol 
the condensate in the stream of Lhe purge ga6 ami the fractionation 
products occurs at about. L’nc same* or even at. a lower temperature level 
than the condensation, whereby an approximate reversible ei pc* rat ion 
is achieved. 

The heat which is released eluring condensation is substantially 
taken up by the storage masses, however, remainders pass with Lin raw 
g;js po /.ones of lower temperature. Also the cold Lliut is being released 
during evaporation is carried in part to /.ones of higher temperature 
.'.nd contributes undesirably to the increase in lhe tempera Lure* diifcr- 
eutial at the extremes of the heat exchanger which (the temperature 
differential) in the iuLorest of good heat exchange should In* kept 
as stria 11 as possible. This happens particularly when considerable 
quantities of condensate are knocked out and are again evaporated. 

■cha ngo of Energy a nd Matter in Adsorbe rs Comb i ned with _Regenerat e is 

The previously described process of gas treatment in icgcuer- 
ators is now compared with one in adsorbers, whereby the adsorbeis are 
combined with the regenerators and are operated in a certain manner. 
These processes which are an interesting parallei to the prior.described 
.process shall, be identified as Sorbogon Processes. A combination is 
shown in Picture 3. 

Sorbogen 1 Process 

In the combined two-branch apparatus which has an inf low of 
raw gas, respectively purge gas, of about the same temperature and which 
consists in each branch of a cold storage, the adsorber, and the heat 
storage, without external influence, soTely due to Lhe positive 
temperature tint of the adsorption process and the negative- l. •mper.il lire 
tint of the desorption process, the temperature curve in the. ;kIsoi !>oi 
establishes itself so that the temp, rature f rom the iidot poiuc ol. 
the raw gas to the out lei. point increases. Prom this it is self- 
evident that the storage at the raw gas side has taken on the iunction 
:of a cold storage;the storage on the clean gas side, Lhe function ot 
a heat storage. 

i 

Per Picture A, at the free end ol the storages,temperatures 
d‘ r fer onlyslightlyfrom Lhe surrounding temperatures and vary only 
i close limits. The temperature of Lhe particle of raw gas flowing 
at ambient temperature into the cold storage therefore initially 
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i mpe nature 


!f s s3CSsi^H t lI?^g2d 0 E l ’ 2r:1 "‘ t "^"”“ s ” i dcSp^vi'^ sfSest 

cold storage at’tho other end oC^hTadsorber! 0 ' 11 UraU "' < ' « •*• 

srp£&}W&$£3iS*®* STfr 

remains on the adsorbent itself is it ,i ‘ u A 1 • ! L htv,L 

capacity: the rosL is taken'up by the sil^nge ,Iass?° ' l " h001 st,,ra * e 

cold quantit?es G are ^‘^^001 i^ 1 y '"he■!L°^- C °T '“'’T"" 8 
ln , p \ r £ fr °"' Lhe ^corieni^ass andMrpSt 7ro’^ the 
ambient lf ThI h eJlS y h a tcl “P': ra ! ;u '-'e can sink considerably below the 

brogghf^p t^Se^bK^t^ratSe. 13 wUh •» 

]^r^3^wjsasssS«i^SS 

^ I ocesa,which up to now was .supported by healing. 

with tub.il !r°!!!. rG P la c« s at each end of the adsorbers, the storage 
this case theexchangers,one accomplishes the same thing. Tn 

. th " continuously 

Pines of tho b^r° US i y l )r0 l )0s< ^ d arrangement of the adsorbent in the 

s'notlikSlv h ;:'* er adsorbing and desorbing therein 

not likely to have the effectiveness of Lite above arrangement. 
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The Prj n c i p 1 u (if P arL.ia l Loa ding and Partia l Un I o.' icli ng 

TimL thi:> process of loading and unloading of the adsorbenc 
can also be approximately reversible regards the purge gas consumption 
and at the same Lime, achieves a high degree ol. purity, can be 
attained through Lwo operation principles in the adsorption respectively 
desorption of the .adsorbent. Let us call them here, the principle 
of partial loading and partial unloading. 

That wi th the .inflowing raw gas, Lhe adsorbent i s not loaded 
to saturation, but only Lo a breakthrough value, has.been xnown tor 
a long time. (Breakthrough value i.s Lhe loading value o! the .adsorbent 
at which (lie component that is to be removed from Lhe ini lowing gas, 
appears in lhe outgoing clean gas.) Tf one, however, wishes to obtain 
a high degree of purity, the loading ol the adsorbent to nouriv its 
breakthrough value is still too high. 

In accordance with the new principle ol partial loading, Lhe 
adsorbent is only loaded to a fraction ol its breakthrough value and 
the adsorption is then interrupted. In this way a relatively large- 
layer of the adsorbent remains entirely unloaded, which is acceptable, 
as it is the characteristic of Lhe described process and arrangement 
Lo allow a more frequent cycling. 

Through application of this principle, surprisingly high 
purity of air was achieved in a technical installation, as later 
described, also with relatively difficult adsorbable impurities 1ihe 
C0 7 , at a temperature, which up to now was considered unsuitable 
for this purpose, additionally v/lien at Lhe same time the heating of 
purge gas was omitted and the still to he described principle? ol 
partial desorption was utilL/.ed. Requisite lor the highest degree 
of purity is, of course, that Lhe purge gas he entirely froc or Liu 1 
components to be removed and always flows in the same direction over 
the adsorbent which is opposite to the raw gas flow. The principle of 
partial desorption (unloading) is based on Lhe consideration .nat a 
complete unloading of the adsorbent would require too large a quantity 
of purge gas Lo make it most eager for Lhe following period 01 adsorpt i <• 

The working principles are explained in Picture (>, which 
is based on measurements performed some Liinc ago in the laboratori os 
of the Gesso 1lschafL fur Linde's Kismaschinon and about which will be 
reported later. ft was found that at an ambient temperature ( ’() C) 
one could clean air of its impurities, among oLhe-rs also ol the with 
difficulty adsorbable carbon dioxide, wij.b a purity in excess oi 
using a layer of 1.5 m of activated charcoal. 1 to .1 mm of grain, 
starting with a CCf residual loading of 8% of the saturation value, 
then loading Lhe charcoal Lo about ?'j°L ol. its saturation value, and 
then subsequently, at about Lhe same Lempcrature, purging with a 
volume of about three times of purge gas in counterflow Lo the 
residual value of about &‘/ 0 partially unloaded. 
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Picture 6 shows on the nbsissa, the length of Lhe layer in 
fraction of the whole, and on the ordinate, the rcl.-il ive loading 
height ol . Lhe verLic.nl cross section (Hie ndsorh. nl is picl ured ’as 
Jyi-ng horizontally) in fraction of maximum saturation loading. The 
two forming lines are tlie loading fronts which are enclosing ilie 
so-called add-load zone Z. The left front deliniates I Ik area’ of i he 
peimanen. load, respectively residual load, the right from, tin one 

Rri-in«ii i, fi d ” l 0 c d r at ^ 10 T o, 0 L i n S of c y clin fi Lho counter! low union ing. 
Between Lin s S forming load front on the right and the end of Lite 

ayei lies the unloaded zone. fhi.s and similar measuremerits will 
ne reported in a later article. Because the purge gas in counuerflow 
to the raw gas streams at the end over the adsorbent layer which is 
constantly.saturated, it loads itself up with dosorbable component= 
to the maximum until the close of the purge gas period. The pure ng 
s stopped when the loading of Lhe purge gas drops oTf substantin ly. 
One can figure an isotherm partial adsorption and desorption at l ic 
son.e total pressure with, about three times the purge gas volume if 
one- wants, at the same time, maximum cleaning effect. With twice the 
purge gas volume, the cleaning effect drops off some. At each *i 0 C 
Higher purge gas temperature, the ratio of purge gas to raw gas 
vo ume is cut in half, so that at 10°C higher temperature one air >ady 
needs less purge gas than raw gas. It is a matter of planning to 
coordinate the requirement for good utilization of the available 
purge gas with the requirement for a good heat exchange. It is always 
ossible to exceed the guide figures by fractions, so that one can do 
justice to both requirements which do not contradict each other. 

T ht? situation that with isotherm desorption, one needs 
several times the purge gas than the raw gas volume, in spite of this 
economical working method, shows that one has to figure with a certain 
i^steresis. Apart from the fact that one cannot expect complete 
equilibrium between adsorption phase and gas phase, the excess 
consumption on purge gas has to do with the temperature depression, 
which occurs during Lhe desorption of the adsorbent in the last purged 
and stiil heavily loaded adsorbent layer. In the laboratory scale, ’ 

,!• 1 f c wlth . a iar 8 e surface compared to mass and good heat transfer, 
Lhis effect is hardly noticeable; in technical installations, however, 

, ^i° uld , clearly observed. The arrangement of the storage masses 
at the end ol the adsorbent layer causes that this effect does not 
work out to a disadvantage. As a consequence of the partial unloading 
principle,the retained load in the adsorbent along the retained load 
front prevents the adsorption heat during adsorption from conccntratinr 
m a small space, but distributes it over a greater distance, whereby 
the above mentioned climbing temperature curve towards Lhe adsorbent 
end and a better thermic effectivenessare achieved. Vice versa in 
a fully desorbed adsorbent, a large amount of bent w~uld become free 
m a small space,which, considering the reversible operat ion would 
be especialiy disadvantageous, if as in the Sorbogen 11 Process 
U-iCture /) for special reasons the temperature gradient along the 
f orbent. layer is increased through heating respectively cooling 
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apparatus between exchangers 
enrich the volatile impuritic 

Sorbogen II Process 
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and adsorbers to bind and eventually 
respectively-'gas components . 


Here, a cooling apparatus at the raw gas i nl ‘ t, i . f; , t>‘ 1 ^cn 
the cold storage and the adsorbent, respectively, a gating «| lj- i-Lus 
at the clean gas outlet, i.e., between heat storage arrt the ad.o.b.nt, 

is arranged. 


>as ouLiee, i.t., ■-. . .1 i .. i,,,.. 

This system allows to heal, and cool both branches 

* 11 J ' . .... i .•__ n.r nr ; 


constantly,* and at the .same time. Thereby, time is gained for pro¬ 
cooling, respectively preheating, of the storage masses; ^^ ( i ar ‘ The 

mutual influencing 

the cooling apparatus either cools the raw gas before its. in > 
the adsorbent or after cycling the outgoing loaded purge g.u, b. < . 

it ent^s into the cold 'storage, which now after tts temporary g-j^l 
warming by the raw gas, is being blown .cold again (Wet fV L boon 8 

one period, the heating apparatus heats ie ptu^ g. adsorbent. During 
preheated by the heat storage before it goes inl.o the adsorbenL. u g 

Here al so, (again^the change of the temperature of J F a y Lfore 
rf-snectivciv puree, gas flowing through the apparatus -hoi t / 
cycling 1 is sclienintleally shown. U.w)oi the Influence el boating and 
coolin'. the temperature curves of raw and purge gas cross over. Uu 
doi-dalh line again shows the course uf the rnenn t«jperature o h. 
adsorbent respectively the storage mass. Advantageous in tn 
arrungement/’llhcf reinforcing of the heating by the adsorption 

hoat carried towards Lhe adsorbent'end and the reinforcing ol tn 
effect oPthe cooling apparatus by the desorption 

adsorbent start. Also this arrangement enables a nearly rever 

operation down to the area of very low temperature with ° corresponding 
e pan • emnerature curve. As we already mentioned above, on excess ui. 
pirg? gas P ovor raw gas is no longer needed at a temperature increase 
of 10°C. 


a 


1 ) 


Tf nne wishes to reccipture the adsorbed gas components 
further increase of tho temperature difference with reduetto 

of the purge gas volume is adequate. An additional possibil > _ 

enrichment exists in the expedient desorption at sub (iower) pressure 
and,in the sense of the above execution,by maintaining a countert lo 
r/U^ge. In these circumstances, one can also use -is purg k<- » » ‘ 
partial Clow of Lhe clean gas branched off downstream ^ ‘ ^ . 

bent. The use of a moderately higher pressure, i.e., 2 lOatm., ur , 
the adsorption of the adsorbent is advantageous in case Liu cleant 
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; r ,ns shall be available under pressure. At higher pressures, the 
losses increase at cycling under certain circumstances beyond an 

o n i ..1.1 r • -» r . i i , . . J . 


acceptable figure as also part of the cleaned gas is adsorbed and 
is lost during the pressure reduction at cycling. . The technical 
utilization of Sorbogen I Process, as well as the preparatory cxpi rL- 
meats for it,will be reported in a following later article. 


Summary 


The process and apparatus prerequisites for an approximate 
reversible operation (called Sorbogen I Process) in the cleaning uf 
gases through adsorption with relatively shorL duration eye Iing cf the 
adsorber, preferably for the purpose of further fractionating of the 
cleaned gas under elevated pressure and at lowered temperature,are 
explained. Dqe to the similarity of the cycling operation as v.. J 1 
as the thermal and matter exchange characteristics, the process is 
being compared with the process of gas purifying by means of cold 
generators. 

On hand of schematics, drawings and diagrams, the principles 
of: "reversible" operation, namely the heat exchange between adsorption 
(loading) and desorption (unloading) process, even withouL use of 
foreign heat and cooling sources,ere explained. A condition to achieve 
a maximum purifying effect even in the removal of difficult to adsorb 
impurities is the maintaining of a very large free (unloaded) /.one. 

This is called the principle of "partial loading". A "roversLhie" 
operation is promoLed through use of the principle of "partial 
loading". The known and always consistently applied purge degasing 
with clean purge gas in counterflow to the raw gas s a further 
prerequisite for the highest purity effect as well as for "reversible" 
operation. The work method for enrichment and gain.ng of the adsocoahh 
components (called Sorbogen II Process), utilizing the same principles 
and with most economical use of energy for heating'and cooling together 
pith the prerequisites of the apparatus for it, are given. 


Submitted August 11, 1952 and 
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That portion of Pearlman Affidavit, filed 
September 25, 19^7, designated Exhibit 11. 
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EXHIBIT 11 


PI LTD MEMORAUDUM 


KjJS' 


Meatless Dryer 


Mr. Uhclnn, Dr. Kagel and the writer visited the Kahn & 
plant at Wethersfield, Conn, cn Saturday, Sept, 9* 155l for the pure... 
of reviewing the patent and licensing situation in the heatlcss dryer 
field viith Halm la Co. Diming the first part of the meeting Kahn h Co, 
was represented by Robert C. Sheldon, Vice President and Ervin E. 
Steinberg, Patent Attorney. Irving I. Kahn, President, Joined us ' 
later i.hen possible bases for settlement vrerc being discussed. Kahn 
la Co. has an attractive modern plant on the cut shirts of Wethersfield., 
near Hartford. 

Mr. Sheldon started the discussion by explaining that the 
Kahn heatlcss dryer had been a natural outgrowth of Kahn ‘ s manufacture 
of heated dryers and other test equipment (mainly for military creund 
support) and simply represented a routine development based on sound 
engineering principles. Ha claimed that Kahn's heatlcss dryer v:as 
developed before the Kahn people heard anything of Slzarstrom's or 
Trinity's work in the same field. Later on Mr. Kahn explained that 
his company has a very substantial engineering staff devoted to 
research and dcvlopmcnt. (25 engineers out of a total force of about 

Mr. Steinberg then told us that ho has made a rather 
cursory search of the prior art in the Patent Office which has led 
to believe that our Skarstrom patent lacked invention. 

He gave us a list of the references which ho considers 
pertinent. These include the British (Linde) 677,250; the art cit 
ncainst U.S. 2,955,673 (Kennedy ct al); as well as some other pate 
such as U.S. 1,682,5*38$ British 633,137; end Gorman patents GC2,5 ! ' 
972,223. Uo immediately replied that we, as well as Kenyon and Kc 
have been aware of most of the art cn Mr. Steinberg's list, including 
the British Linde patent which in cur vie;/ represented the best prior 
art not made of record against S’.carstrom. For tint reason wo stated 
that offhand wo felt that the. art referred to by Mr. Steinberg has r.:.'. 
materially changed anything, including Kenyon• h Kenyon's opinion that 
many of the important process claims of the Skarstrom patent U.S. 
2,9-1^,627 were valid and applicable to the operation of the Kahn cryc: 
Uo have in effect admitted that Skarstrom's apparatus claims don't 
apply to the Kahn dryer. 

During the discussion Steinberg made the point that Kahn 
dryers usually operated with long cycles of 6 minutes or more, which 
were substa.ntia.Qy longer than anything disclosed in Skarstrom's 
specification and therefore could not be validly covered by Charstrem' 
claims. V/o replied that wo saw no reason why a court or anyone else 
should read any limitation on cycle length into the clalmn on the urh 

tyv n .1 »v 

OXJ se? 13 r.:i 
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nccnto have tcn'ca'cxvciy k - i ——7 0,. 

SSrtanecbut they nlcht rant to try chceUlns into 1. Cox ...or. 

_ _ v c<-p,-i ^hor 1 " * s request v.’o stated that in 

l0 „ Involved a combination 


our viev; — — „ . 

of the followins three features. 

1. Reversal of the drying cycle prior to breakthrousnj 

2 Use of dry product Gas for purGCj and 
Z' of heat of adsorption for driving off 

moisture durinc desorption without use of extraneous 
heat. 

The Katarepresentatives replied that rc ycrsal of thc^oryin: 
cycle before breakthrough was conventional in any D ~, 

dry 
re 

producl 
. othc; 
the E 

analysis of the inapxuuax b , r siuirstrcn 

know of no prior arc cuGGt-^t<ii*^ l, ** w ® i” ~ ^’c had 

or the unobvious result achieved thereby, anu * 0 : 1 . 0 ^“Sitv 
full faith in the Kenyon and Kcnycn^opxnxon coneexn^. ^1-^ 

However, 


oS°tho un?b?ioSi ii-ult acS^vSd ihevaby, and for teat raasoa wo tea 

full faith in the Kenyon and ^ ; ^d P c^fuU? «vlo5 thc=a referam 
ltowsvcr, i.a have acraou - -7Vav’oualy and that v:c 

on Kr. Stoinbera’o list V'! 10 *' ■“ - c P o” °-afcvoncoa ahoued 

would, of eoteco, reconsiaor our Pe-i^on if U-o Ka hsa boon 

dVSjod--Jte^o°d«nSt i oons i dc^thi=lltely.. 



art referred to by r.r. Steinberg 



u:: ,n our tll,;cuy:i1on ' 

Mr. Kalin did Join us at this point. 
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VJhon wo explained to him that a license under the Kennedy 
ct al patent to F.sso would bo of no value to us he replied that ho 
would of course Include licensing rirhta to third parties alony with 
a license to Esso.^ V.hen pressed further by Mr. l.hclan as to whether 
ouch licensing rights under the Kennedy patent would bo exclusive, 

Mr. Kahn replied he would be willing to snake such a yrnnt exclusive 
subject only to retaining a license under the Kennedy ct al patent 
for hlo own operations. J'cxt Mr. Mhclan expressed serious doubts 
. that even the last preposition cculd be of any interest to us since it 
ywould hardly be made compatible with the "most favored licensee" clause 
“in our standard hcatlcss dryer licenses. For this reason, Mr. YJholan 
ouyyested that while ho did not have authority to make any specific 
proposals ho would be prepared to ask our Management'a approval for a 
ootfclcncnt with Kahn on the basis of Kahn Ci Co. talcing a standard 
hcatlcss dryer license from us under Skarstrom and Esso cot tiny an 
exclusive license and liccnclny riyh.t from Kahn under the Kennedy ct al 
patent, with the net effect that ICahn would pay us the reyular 1 C,j 
royalty on 2-bcd dryers, no royalty at all on 1-bcd dryers, and we 
would pay over to ICahn up to perhaps as much as 50,b of royalties 
hereafter received from our other licensees on their 1-vcsscl dryers 
covered by the Kennedy ct al patent. 

Mr. ICahn did not seem particularly interested in our 
counterproposal for two reasons. First, he felt our Skarstrom patent 
was of such doubtful validity that anythlny other than a paid-up 
license on mere or less nominal terms would not be acceptable to him 
as a matter of principle, lie expressed the thouyht that a larye 
company such as Esso should not use a weak patent such as Skarstrom 
to impose burdensome royalties on "small business". To this we replied 
that wo had an opinion from outside counsel assuriny us that wo had an 
enforceable patent, that this patent has received extensive rccoyniticn 
.of the industry and that wo therefore were prccocdiny with our licensin 
procram not only in reliance on the best loyal advice available to us 
but also In fair die char ye of our contractual obligations to our exist¬ 
ing licensees. Incidentally, Kahn also expressed displeasure at our 
notifyiny his customers ouch as General Electric of our* Skarstrom 
patent and its possible applicability to their operations. Y.'c told 
him that this was the only way we could properly briny our patent 
riyhts to the attention of those concerned, especially since Kahn f: Co. 
itself had shown little Interest in nursuiny the matter directly with 
us when we first contacted them. Kahn also was somewhat irritated by 
the fact that come of Trinity's salesmen had been cautioniny prcspectiv 
customers about our patent lony before it had Issued. Y.'e believe v:e 
have satisfied Kahn that any such actions were undertaken entirely 
Without our Icnowlcdyo or consent. 








E-184 

-4- 


Kahn'a second object'cn to our ccuntcrpr opos1 y/ss tha^ 
oven thov"h it conceivably could be more o.uvanta[*cous to liu.i in 
Ion” run dri hi::. own original proposal If the onc-bcd dis proved 
to be extensively used, he felt that It would - 

future royalty obligations in an uaacsirablc s^c ox ur.ee. -axr.^. 

Tlie nee tins v?as conducted throughout on a friendly and f 
factual basis by representatives of both paroles. Our inpro^s_on j 
Kalin fc Co. and especially of the apparent competence ana alcron^. o. 
its technical staff and management has been consiocrabn/ 


nrmrov^l fc*' a ocfinicc one? 6o uc uu - 

lcS SroowdlaS gainst Knhn promptly if Kahn dees not accept our 
offer soon after we submit it to him. 


•- PETER II. SKOIKA 


ccs Messrs. V. c . Asbvry 

E. J. Ercnr.or 

w M. R. ■ Ksndclbaua 

F. L. Killer 
R. II. Easel 
P, J. Vhc'lan 




P.S. At lunch we discussed with the Kahn representativesjaicccilaneous 
ccr.eral tonics, Kahn explained thus his cc...paijy c,o* xn^»o t.^ 

• • military test equipment business in two early peso-wax’ y^:u^^u..d 

added the conventional heated dryers to v.'.cu? I 2 .n 0 ox prce,.Cuo 
around 1932-53. Their line of products now aiso includes s oc.; 
point analyst. Vo informed then that wo has sene patents ^in 
. . ■ tills fiolu also, and they have depresses a eesxr- to -Ov, t*—.. 1 . 

Vo plan to send then copies, of our pertinent paocneo -ior^^. 
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ANALYSIS OF THE CLAIMS OF THE FATENT IN SUIT 


WHERE Cl 
IN THE PATEN 


PRINCIPAL PROCESS STEPS CLAIMED 


Step 1 flowing primary air under high pressure 

through a first bed of adsorbent in one All Accus< 
direction to remove moisture from the Disclaimec 
air 


Step 2 flowing a portion of the dried air (from 

Step 1) under reduced pressure through All Accusi 

the same or a second bed of adsorbent in Disclaimei 

a reverse direction to remove moisture 
from the aidsorbent 


Step 3 reversing the cycle 


All Accus 
Disclaime 
Except Cl 


FLOW CONTROL LIMITATIONS CLAIMED 


A. With respect to the extent of adsorption and desorption 

1. duration of £low in each direction is less 
than that required to reach saturation or 

moisture equilibrium of the air and adsorb- All Accus 

ent Disclaime 











AIMED 
IT IN SUIT 


WHERE DESCRIBED 
IN THE PATENT IN SUIT 


COMMENTS ON NOVELTY 


:d and 
i Claims 


sd and 
i Claims 


ed and 
d Claims 
aim 9 


ed and 
d Claims 


Col. 6, lines 
Col. 8, lines 
Col. 17, lines 


Col. 6, lines 
Col. 8, lines 
Col. 17, lines 


Col. 3, lines 
Col. 8, lines 


Col. 12, lines 
Col. 17, lines 


7-24 

37-52 

25-30 


25-42 

53-75 

36-47 


40-50 

12-13 


Disclaimed subject 
Kahle German 871 ,88( 


28-31 

30-33 


Disclaimed subject matt ” ^^losed in Dai 
871,886*; Kahle German 970,223*; Chemi In| 
Erdmann U.S. 2,254,799* 













OF THE PATENT IN SUIT 


WHERE CLAIMED 
IN THE PATENT IN SUIT 


WHERE DESCRIBED 
IN THE PATENT IN SUIT 




Limed 


ary air under high pressure 
first bed of adsorbent in one 
remove moisture from the 


>rtion of the dried air (from 
sr reduced pressure through 
a second bed of adsorbent in 
Lrection to remove moisture 
sorbent 


ke cycle 


Limed 


nt of adsorption and desorption 

/low in each direction is less 
quired to reach saturation or 
ilibrium of the air and adsorb- 


All Accused and 
Disclaimed Claims 


All Accused and 
Disclaimed Claims 


All Accused and 
Disclaimed Claims 
Except Claim 9 


All Accused and 
Disclaimed Claims 


Col. 

6, 

lines 

7-24 

Col. 

8, 

lines 

37-52 

Col. 

17, 

lines 

25-30 


Col. 6, lines 25-42 
Col. 8, lines 53-75 
Col. 17, lines 36-47 


Col. 3, lines 40-50 
Col. 8, lines 12-13 


Col. 12, lines 28-31 
Col. 17, lines 30-33 









COMMENTS ON NOVELTY AND OBVIOUSNESS 
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Disclaimed subject matter disclosed in 
Kahle German 871,886* 


Disclaimed subject matter disclosed in Dailey U.S, 2,535,902*; Kahle German 
871,886*; Kahle German 970,223*; Chemi Ingenieur Technik* Br 633,137*; 
Erdmann U.S. 2,254,799* 










2 . 




duration of flows in opposite directions 
will develop an oscillating concentration 

of -.jisture within bed during both adsorp- Accused Cla 

t -n and desorption which oscillates with¬ 
in the limits of the bed 


3. duration of flows in opposite directions 

will"cause the partial pressure of the 
moisture in the air after desorption to 
be about the same as that in the primary 
air before adsorption 


Accused Cl 


4. volume of dried air (at high pressure) 
used for desorption bears same ratio to 
total volume of dried air as ratio of 
absolute pressure of the desorption unit 
to th'at of adsorption unit 


Accused Cl 


S. duration of flows in each direction is suf 

ficient to produce substantial equilibrium 
of moisture in the air and adsorbent at 
the entrance end of the bed during adsorp¬ 
tion and at the exit end of the bed during 
desorption 


Accused Cl 


B. With respect to temperature 

duration of flow in each direction is suf 
ficiently short so that the heats of ad¬ 
sorption and desorption are substantially 
balanced and temperature of adsorbent bed 
remains substantially ambient 


Accused C: 


APPARATUS LIMITATION CLAIMED 


The adsorbent beds are self-contained with respect to 
the transfer of heat. 


Accused C 















im 9 


Col. 12, lines 24-28 
Col. 17, lines 52-56 


Inherent result of A1 Disclosed! 

(See col. 12, lines 24-28 Kahle Gei 

of patent in suit) 


aims 12 6 

14 

Col. 7, lines 

44-48 

Inherent result of Process 

Step 2 (see col, 7, lines 

44-48 of patent in suit); 
also an inherent result if 
amount of water adsorbed is to 
equal amount of water desorbed 

Disclos 
U.S. 2J 

aim 24 


Col. 9, lines 

5-46 

Inherent requirement if amount 
of water adsorbed is to equal 
amount of water desorbed (see 
col. 9, lines 19-24 of patent 
in suit) 

Disclos 

German 

aim 34 


Col. 11, lines 

43-47 

Inherent result of 

Process Steps 1 and 2 

Inhere] 
Kahle I 



Col. 6, lines 

45-76 

Disclosed in MacMullin U.S. 2,340 

,398*; K 

Laims 9 8 

16 

Col. 7, lines 

1-16 

Kahle German 970,223* 



laim 17 


(meaning indefinite) 
possibly refers to 
Col. 6, lines 73-75 
Col. 7, lines 1- 8 
Col. 7, lines 28-34 


Operation without heaters and coolers disc 
Chemi Ingenieur Technik* 


* Not considered by Patent Office 











flows in opposite directions 
> an oscillating concentration 
within bed during both adsorp- 
torption which oscillates with- 
:s of the bed 


Accused Claim 9 


Col. 12, lines 24-28 
Col. 17, lines 52-56 


flows in opposite directions 
the partial pressure of the 
i the air after desorption to 
ie same as that in the primary 
adsorption 


Accused Claims 12 6 14 Col. 7, lines 44-48 


ried air (at high pressure) 
sorption bears same ratio to 
ie of dried air as ratio of 
■essure of the desorption unit 
adsorption unit 


flows in each direction is suf 
produce substantial equilibrium 
in the air and adsorbent at 
e end of the bed during adsorp- 
the exit end of the bed during 


ture 

flow in each direction is suf- 
hort so that the heats of ad- 
d desorption are substantially 
d temperature of adsorbent bed 
stantially ambient 


Accused Claim 24 


Accused Claim 34 


Accused Claims 9 5 16 


Col. 9, lines 5-46 


Col. 11, lines 43-47 


Col. 6, lines 45-76 
Col. 7, lines 1-16 


(meaning indefinite) 
possibly refers to 
Col. 6, lines 73-75 
Col. 7, lines 1- 8 
Col. 7, lines 28-34 


self-contained with respect to 


Accused Claim 17 












Inherent result of A1 
(See col. 12, lines 24-28 
of patent in suit) 


Disclosed in Dailey U.S. 2,535,902*; 

Kahle German 871,886* Chemi Ingenieur Technik* 


Inherent result of Process 
Step 2 (see col. 7, lines 
44-48 of patent in suit); 
also an inherent result if 
amount of water adsorbed is to 
equal amount of water desorbed 


Inherent requirement if amount 
of water adsorbed is to equal 
amount of water desorbed (see 
col. 9, lines 19-24 of patent 
in suit) 


Inherent result of Inherent result in 

Process Steps 1 and 2 Kahle German 871,886 


Disclosed in MacMullin U.S. 2,340,398*; Kahle German 871,886*; 
Kahle German 970,223* 


% 


Operation without heaters and coolers discussed in Kahle German 871,886*; 
Chemi Ingenieur Technik* 


* Not considered by Patent Office 



Disclosed in Erdman 'j 
U.S. 2,254,799* 


> 


Disclosed in Kahle 
German 970,223* 


Balancing amount of 
water adsorbed and 
desorbed is disclosed 
in: 

Kahle German 
970,223*; 

MacMullin U.S. 
2,340,398* 
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BANKKONTEN: ORESONER BANK AG. 
HAMBURG. KONTO-NR. 17019 
harvard trust company. 
CAMBRIOGE/MASS. USA 
POSTSCHECKKONTO: HAMBURG 2538 72 
TELEGRAMMAORESSEi UEXPAT 
TELEFON* 62 87 02 UNO 62 0585 


2 HAMBURG-HOCHKAMP, v - JF 

February 11, 1964 
ue:ro/ 268 l 




Re: German Patent Application EJ5 ChD 71 
based on U.S. Ser.Nos. 670,542 and 
714. 780 - Kv File: 2681 


Dear Mr. Veryard, 


This Is to summarize v/hat we discussed with respect to the 
■above mentioned patent application during your stay on 
February 5 and 6 - 1964 in Hamburg. 



l) I informed you that I am not at all h<?peful with the 
further procedure of the present application, especially if 
one considers German patents 871 886 and 970 225 of LINDE, 
and the article in "Chemie Ing. Techn.", .1953 vol. 5 of 
» Dr. Kahle who is inventor of both German patents. These 

citations not yet mentioned by the examiner will be probably 
cited by opposing parties, and especially by Linde. 


Vie first discussed the general way of drafting German claims, 
and the necessity to define the invention - l.e. the new 
features - in the characterizing part of such claim. If one 
cannot distinguish the invention in writing a claim in such 
a way, then there will probably be no chance to get a 
patent. It is not sufficient to state that the invention is 
distinguished over patent A by features XYZ and is 
distinguished over patent B by the features UVW. I admit, 

•A* 

- 2 - 


V 
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however, that in some cases it is possible to use one 
citation as a basis for the prior art and only this 
citation can be used in the precharacterizing part of the 
claim whereby other features may be included into the 
characterizing part as being "known per se". This approach 
is very similar to the usual Dutch procedure. In Germany, 
however, this is only recommendable or possible if the 
citations are not that closely related to each other as h 
is the case with German patents 871 886 and 970 223, which 
besides all are already combined in the article of 
Dr. Kahle in "Chem.Ing.Techn." 

2 )You informed me about the many important advantages and 
stated that up to now nobody has tried to work according 
to the present invention. Although I appreciate this, one 
has to keep in mind that the level of invention (Erfindung- 
hohe) has nothing to do with the advantage of an invention 

(] 0. (Fortschrlttlichkeit) . Even very high advantages cannot be 

//used to compensate a low level of invention and vice versa. 

I « 

Contrary to the attitude of the Dutch patent practice where 
one starts from one citation, one has gen erally to 
acknowledge ail the prior ar£“in the precharacterizing 
cla use, if y ou~~are able to draft such a claim, then it is 
easier to defend the application also against the argument 
of insufficient level of invention. Namely, if the only 
feature is "known per se" then there would be no Invention 
to combine the known features with other features being 
known from other citations in the same field. The so called 
"combination-inventions" are difficult to defend as long as 
they refer to method claims. 

3)If one considers the two German patents 071 886 and 970 223 
one has to admit that they have the following features or 
objects in common with the present invention; 
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a) they all re±er to a method for removal or* 
recovery of components from streaming nan mixtures . 

It is Irrelevant whether this is named 
"fractionating of gases" or whether this is defined 
in any other more or. less complicated v/ay by making 
reference to "one or more components" etc. 

b) k,hey all refer to a periodical alternating selective 
.Msorotion and d esorotlon whereby the current flow 
directions are opposite to each other. Such wording alsc 
implies that there must be an adsorbing material which 
selectively adsorbes one or more components. 

... i * • 

c) It is further known that the feed gas is fed at a 
higher pressur e and that the desorption takes place 
at a lower pressure (please compare German patent 
871 836, page 2 left column, line 27 - 4p). This 
passage re.ers to the adsorption and desorption 
carried out at the same temperature, namely at adia¬ 
batic conditions - and it is stated that the volume 
of the stripping gas has to be equal to the volume of 
the feed gas and can be twice or three times as much 
(if the same pressure is used). Here it is further 
stated that the desorption can take place by using . 

a depressurized effluent from the adsorbing step 
•having the same temperature and - further - by using 
only a part of the primary effluent. It is further 
stated that a part of the primary effluent being 
not used as stripping gas for the adsorber can be 
obtained in pure state if the difference in pressure 
is sufficiently high. Therefore, the next common 
feature is: * • 

of the efflue n t R as from the adsorber is used 
as stripping gas in all cases. 


- 4 - 
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4) A further analysis of the citations shows that it is known 
from German patent 87 1 086 to stop or interrupt the 
desorption at a point when the loading of the stripping gas 
with the component to be desorbed decreases. Similarly, 

German patent 970 225 states that the adsorbing material 
is not completely loaded with the component to be adsorbed. 

V/e called this during our conference "shallow breathing . 

V.’e believe that this is different from what happens in the 
present invention v/here the stripping gas is fed through 
the desorber until the desorber is practically free from 
humidity, and vice versa, the adsorber is fed with the 
humid air until the material is nearly completely loaaed 
up to its capacity. 

If this assumption is true, then we have the first 

characterizing feature, namely 

• • 

x ) that the adsorption is in t errupted shortly_ i efore _t h e 
saturation, desorption is Interrupted shortly 

before the complete exhaustion of the adsorption 
material. 

Keeping in mind the pulsating front and the general idea 
of the present invention we thought that the duration of 
the cycles could give us a further feature for the character- 
- izing part. We called this duration of the cycle also 

"switching period". A similar expression is used in German 
patents 87 1 886 and 970 225. Here it is stated in 87 1 886 
on page 2 , right column line 80 - 84 that after several 
cycles an additional desorption has to take place, e.g. 
after some hundred switchings which is necessary after a 
few days or weeks. This means that the switching period of 
patent 87 1 886 is more than one hour. On the other hand it 
is mentioned in German patent 970 225 that switching periods 
of 5 - 50 minutes can be used. This patent refers on page 2, 

•/ 
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right column, line 110 to German patent 624 912 disclosing 
switching periods below half an hour; and further on page J, 
line 10, to German patent 704 073 disclosing even shorter 
switching periods. This patent 704 073 refers on page 3 , 
line 14 - 19 to switching periods which are in the dimension 
of minutes (copies of these two further patents have been 
ordered and 'will be for-warded to you in due time). 

If the next characterizing feature should be the time, then 
this time should be better explained with respect to the 
equilibrium which is reached and also with respect to the 
forming of a pulsating front. The description of the 
present invention refers to an upper time limit of less 
than 2-3 minutes, a preferable upper limit of less than 
1 minute, and a further preferred switching period of less 
than 10 seconds. It would be much better to use shorter 
time limits in the characterizing part; however, you in¬ 
formed me that said period is actually about two minutes. 

For the better explanation of this period I recommended a 
more functional feature which will be very helpful if the 
examiner agrees. This feature would be 

^ 1 ) that the desorption period and adsorption period, 
respectively, are in each case less than 2-3 
minutes so that no ecuillbrium is reached in the 
adsorption bed and desorotion bed, respectively, 
between the bed and the component to be adsorbed and 
desorbed, respectively. 

Tills feature y) can be further explained by another even 
more functional phrase, namely in that; 

^ 2 ) a pulsating front Is formed betx.-een inlet opening 
and outlet openinrr which corresponds to the equi¬ 
librium between the vanour pressure of the com ponent 
to be separated in the gas and the vapour pressure of 
this component on the adsorption material. 


- 6 - 
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To complicate tho claim and to confuse others - but not for 
the better definition of the invention - one can add a 
further feature, namely 

z) that the amount R of the stripping gas corresponds 

to tho eouation R - i~ — r - B j- in which tho value 

- / ?2 - 

(R+p) corresponds to the amount of the effluent gas 
from the adsorber. 


As mentioned above, this feature z) is not a real feature 
characterizing the present invention because no absolute 
values are disclosed for Pj and P 2 . The description 
mentions a ratio of 4:1 and also a ratio of 6:1. These, 
however, are not considered to be essential or critical. 

That this equation is moreor less meaningless without giving 
any absolute values follows when one assumes that P* and ?2 
are nearly equal; in such case all the effluent or primary 
product has to be used as stripping gas. This, however, is 
already mentioned in German patent 87 1 £36 on page 2, left 
column. Here it is stated that there are several possibili¬ 
ties when working according to the method of patent 87 1 836. 
Temperature, pressure and volume are related to each other. 

If the temperature is not changed, then the volume of the 
stripping gas has to be increased; if a pressure difference 
is created, then one does not need a larger volume, but can 
use only a part of the volume. The other possibility 
(passage b) on line 46 - 52 discloses a difference in 
temperature which gives the possibility to reduce the 
stripping gas volume to 1/50 to 1/20 of the feed gas volume. 
If the volumes during adsorption and desorption are similar 
or equal, then a temperature difference of about 5° C can 
be used when 'working near room temperature. 
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5) 2 ased on the analysis as mentioned above v/e agreed on 
a claim 1 for the method as per enclosed copy. The 
English version of this claim is also enclosed. The 


language is completely different from what is used in 
the States, but the systems and philosophy arc different, 
too. Finally, it is completely irrelevant whether one 
uses the phrase "adiabatic" or "substantially adiabatic"; 
whether one refers to the adsorption of one component or 
of one or more components; it is not necessary to mention 
that a raw gas is fed to the bed and that a pure product 
is obtained. All this is implied in the general meaning 


of the precharacterising 
German patents 871 886 a 
and, according to your f 


part. You will note that the 
nd 97 G 22 p have a similar abrupt 
eeling, an insufficient wording. 


6 ) During discussion of the 
some inconsistencies, or 
believe are inconsistent. 


present invention we discovered 
at least, passages which I 
such as 


A) if the amount of the stripping gas and of the effluent 
gas is given in dimensions of litres per minute, at 
standard conditions, one has a rather indefinite 
dimension. I assume that the equation is also valid 
if the dimensions are grams or moles. Please enlighten 
. me.on this. 


B) It would bo good if you could confirm that the present 
invention has nothing to do what we called "shallow 
breathing", and further, that our definition of the 
feature yi) and y 2 ) is correct. 


7) Our general attitude with respect to this case was that 
it is better to have this application published with a 
rather restricted claim than getting away with a broader 
claim and having difficulties with opposers later on. 

, ^his may be the case if the examiner is not aware of 
German patents 871 886 and '970 223; if they are cited 
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later during an opposition procedure - and there Is no 
reason to believe that Linde will not file an opposition — 
then it is much more difficult to convince the Patent 
Office that these citations have nothing to do with the 
present invention. It is not necessary to mention the 
numbers of these-German patents for the examiner, but 
one has to draft the description in such a way that one 
can later on state that these patents have already been^ 
acknowledged in the description. Once you have obtained 
a patent on the narrowest claim you can ever think of, 
there will be loss difficulties in broscsmng the gnist 
of this Invention during an infringement procedure, 
than in defending the published application having a 
broader claim during opposition because the invention 
is ~ as I believe — pretty close to v/nat is disclosed 
in German patents 871 886 and 970 222. 

The drafting of the further subclaims and claims being 
directed to an apparatus should be postponed until you 
agree with the general procedure as outlined above. You 
know that it takes some time to draft good claims, but 
I assume that I can send you the proposals within a 
week or so after having received your agreement with 
this claim 1. I would further recommend to file the new 
claims together with a rewritten description. 

%) For the time being there is no term pending, however, the 
examiner requested with letter of November J t 19°3 thaw 
it has to be stated what priorities cover the respective 
claims. This was not yet mentioned; only the certified 
copies have been filed. Because of the other patent 
application of a third party the priority of which being 
within between the two priorities you are claiming for 
'the present invention it may be possible that the 
examination of the present case is suspended. This, 
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however, should be avoided because you are probably 
not interested in keeping this application unpublished 
for kg re than several years. 

Please let me have your instructions in due time. 

Very truly yours. 


Enc. 

proposed claim 1 
in English and German • 


cc: EREC 
ESSO AG 
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Proposed Claim 1 


Method for adiabatic removal or recovery of components from 
Streaming gas mixtures by periodical alternating selective 
adsorption and desorption in current flow directions being/' •. 

opposite to each other, the adsorption of one or more 
components of the feed gas at the higher pressure P X Is 
followed by a desorption at a lower pressure P 2 using a part 
of the effluent gas from the adsorber as stripping gas, 
characterized in that the adsorption is interrupted shortly 
before the saturation, and the desorption is interrupted . 

shortly before the complete exhaustion, of the adsorption 
material and that the desorption period and adsorption 
periods, respectively, are in each case less than 2-5 
minutes, so that no equilibrium is reached in the adsorption 
bed and desorption bed, respectively, between the bed and 
the component to be adsorbed and desorbed, respectively, 
but a pulsating front corresponding to the equilibrium 
between the vapour pressure of the component to be separated 
in the gas and on the adsorption material, and further that 
the amount R of the stripping gas corresponds to the equation 
R . .(R + D -1 ln W hich the value (R+D) corresponds to the 
amount of the effluent gas from the adsorber. 


1 
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Vorschlag fur Ansoruch 1 

Verfahren zur adiabatischen Entfernung ‘Oder Gev/innung von 
Konponenten aus stronenden Gasgenischen durch periodisch 
aufeinanderfolgende, selektive Adsorption und Desorption 
in entsegensetzter Stronungsrlchtung, v/obei sich an die 
bei erhohten Druck dcs Rohgases erfolgende Adsorption 
von ein Oder ir.ehr Konponenten eine bei niedrigeren Druclc ? 2 
erfolgende Desorption mit einen Teil des aus den Adsorber 
austretenden Gases als Splilgas ar.schlieBt, daaurch gekenn- 
zeichnet, daB die Adsorption kurz vor Sattigung des Ad- 
sorptionsnittels und die Desorption kurz vor voilstandiger 
Erschopfung des Adsorptionsmittels abgebrochen wlrd und die 
•Adsorptions- und Desorptionsperiode Jeweils wenigcr als 
2-3 Minuten betragt, so daB sich lcein Gleichgewicht in 
Adsorptions- bzw. Desorptionsbett zwischan den Eett und der 
zu adsorbierenden bzw. dcsorbieranden Komponente einstellt, 
sondern sich eine pulsierende, dam Gleichgewicht zwischen 
deni Danpfdruck der abzutrennenden Konponenten in Gas und auf 
den Adsorptionsmittel entsprechende Front zwischen Eintritts- 
und Austrittsoffnung ausbildet, und daB ferner die Kenge R 
des Spillgases der Gleichung R =* entspricht, in 

welcher der Wert (R-;-D) der Monge des aus den Adsorber aus— 
tretenden Gases entspricht. 
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hamburg-hochkamp, 

KONIGGRAT2STRASS56 


May 11, 1964 
2681 /St :mu 


He: German Patent Appln. 3 16 071 
Based on US 670,342 
My Bile 2631 _ 


Bear Dr. Marx: 

Further to my letter of April 22, 1964 please find 
enclosed a set of new claims and a translation thereof. 

After having again carefully studied the citations in 
the -light of hr.' Ccccon's letter of February 28, 1964 
I would recommend to file the enclosed new claims. 



Bhe precharacterizing clause of the new main claim was 
drafted to cover practically all features, which the 
oresent invention has in common with the methods dis¬ 
closed in the German patents 071,886 and 970,223* In 
the characterizing part I used the wording: ".....at 
least two adsorption beds of which at Jj.epr.t, one is on 

adsorption and at_lea nt Of h rJ :L;; on desorption .... " 

because the adovo German patents, v/nilo referring uo the 
use of two or more bods, ao not mention that one bed 
should be on adsorption during desorption of the other. 

If the Examiner raises the objection that the latter 
feature is known per se from other prior art, we could 
either add the phrase "known per se" to this feature or, 
if necessary, transfer it to the precharacterizing clause 


As already mentioned in my letter of February 11, 1964, 
I have serious doubts whether wa will succeed to obtain 
orotection for the present case, because the German 
patents 871,886 and 970,223 are really close prior art. 
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a few.features in the present apnlics.fior., v/'-icr 
0e *- a8at wlVfi so:ne r-opa. to defend the invention. ‘ * 
^^^ w * iG present invention comprises the nrooosal *“o 

“ P - r “ °*. ih0 l”™* 10 * s*i otroou cor- 
SoSS.*^ %£*$.*”**• dooorptior. 

fS“u;L? he oycl ° ii -° ls ras - rloted *> i««» «aa 

thirdly the apparatus described in the new c^inc. = 

OV.C...S oo oe new ana technically advantageous. 

Accordingly in a new main claim it is important to v 0 
ear tv °° VG arsu::ients bhe nai » features of the characterizing 

Aluaough the process according to the enclosed new ^am 
claim ^ apparently new and it will pro babijbea'so 
possio_e to substantiate a technical progress ove~ -he 
.^thocs in tne citations, the key question will be, 
vn.eoner we succeed to convince the ’Sxaniner fari the 

lSwi a of I S?S*j£n OUa ni- :LZ J C “ S ° 0f a " °PP° si ^o«) of the 
“v VC u 0 lnven “i° n * cecisive noint will u^obablv be 

whether «a expert knowing the prior-art, ejpcblallv Lf ’ 
Gorjaa satents^TlooS and 970 223, v«s ablo tonr?i™ 
!‘2,=®^0J.tTT^rr^-osfSSrrvmout own irvontivi 
ou ° a,s or - tfce OOSIO of his usual skill and knowledge. 

J rooo ? s . elaiss should eo considered not ad- 
or.c;re migat oe a -oettGr chance for mairtain - *nv 
tne apparatus claims. I do not know, howe^rT S ShiSh® 

oe gown^rofoS; cLSLSf^ Clai * S ° ay alr2ac ^ 

v!n 1 o\ resp2Ct t0 2 roce “ s claims I wonder whether it 
+w d +vf ? CC( :P^ a . 0 - e f° restrict the claims by stating 
o* u tne ^.oacca oea nas to oe decressurized in a r>i-r»pr«-Mftr! 
opposite to the flow directl 0 n~o i^ie feed gas. Sis 
couic serve as a further now and distinguishing feature. 

Jri«wi could probably be derived from the * ' 

ori^^.al description, especially the drawings Tn r-v 
opinion depressurising ii a dirSotion oSooSite t?tt» -, ov . 

aS^t'agasfln^hftf S “ 3h0uld leai tS* aov.ro! teohnio'ai 


flow 

ical 


a) P r ® s aure gradient of the key components 

fUTltt iSelf dUrinS towards the 

b) probably the necessary purge gas volume is smaller and 

c) the section of the boa next to the purge gas inlet is 
not contaminated with tho key components. 

It should bo possible therefore to make the feature of 
depressurizing in a direction opposite to the food gas 
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flow a oasis fov a »och.'j.c£i. showing. 

Although the shove restriction would result m a 
oread cj.ctiiu, it would probably sxrongfner. cur .for.oraj. 

"■os 5 tio.i. In view of the dangerous prior art we pro— 
bablyVill have to be happy if v;c succeed to obxuin 
valid r)rot action or. a narrow era in. (wnion m ca~o ox in¬ 
fringement will be interpreted by the judge cover 
also the indirect subject of tne invention). 

In order to draft an effective response please let me 
know 

a) whether the new claims meet 'with your approval, 

b) which arguments could be brought forward to prove 
th 't the ' verage einert, cased on tne cixaoxons, was 
no t able to arrive ax the invention without own 
inventive thoughts, 

c) whether the restriction discussed above (or any 
other) appears acceptaoie, 

d) which features of the quoaratus claims are considered 
new and inventive. 

t shall revert to this case as soon as tne answer ox 
the Examiner to my letter of April 22, 1SS4 is received. 


Very truly yours, 


2nc. 

i 

(under sep. co/er) 

1 

J 

New 

and 

pi.or.w C^ai.-- 
translation thereof 



cc : 

X J. Vcryard, Esq.. 



• 

Dr.C.iledrow 


\ 


• 4 ‘ 
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May 20, 1S5^ 


w« — v. 


:-in. 


you;? arguments arc well taV.cn. 

.;ov. you can fit this feature in clsxr?. x 


-l fi c* ..o 


Y;c v.'or.ciC. nov;cvc.> /jov; joa --o *-■ - - 

without feeing compelled to switch fro.?, the ••phase presen-a- 
tior. of your clair.; draft to the ''cycle' preschuav/ion Ox 
the claims on file. 

ilcferring now to your questions: 


approval, small amendments hereto beins presented hereabove. 

2. Ms feel that r.o new arguments may be presented 

i m -j-u p v* n'• *’ o'*' c ‘ Ci 2q * v Wo i OCj. u *l£i G ?/ Oil viuv*y 

t, * ua.iiN« u u»lt, v,x utl wxv**«> v- *■ ^ w * 

have all the material on hand ar.d we cannot out reier you 
to the enclosed copy of portions of a Brief sent to the 
Dutch Absent in which we.discussed German fat. o.l,oco^ 
and 970,223 (Corresponding to Brxtisn 67/MpO) 
lengths. 

1. The restriction discussed above appears 
acceptable. 

4. The features of the apparatus which are to 
bo considered inventive are those which allow the process 
to be carried out that is, those v.'hxcn are respor.sxOi.e 
for the bed*s sure in j by means of the product stream, 
however, since each individual component of the apparatus 
(beds,-valves, pipes, check valves, etc.) is !t°, 

artisan, it becomes rather clearly do cue x si e o.iSo x<, x~ 
the entire assembly which is novel. Its compactness, case 
of maruTacturin^, accessibility for repairs, applicable-y 
to any physical and structural set-up rencerea tne apparatus 
a success and is now beina used in a multitude of^pxants. 
This is to be stressed, fust recentxy, vre presen^ea^an 
affidavit to the Dutch Patent Office shov-inc uhe trenencou-. 
success of the invention; in this affidavit we have shown 
in the last five years, sales of the appxxca«xor. 
amounted to over 03 , 200 , 000 , with royalties to tne ass_ 4 .,ee 
of over (>290,000. 

If you need additional information, please xav, us 
know. We trust that you will be in a position to prepare 3 
suitable reply. — 

Very truly yours, 

C. Ceccon 


i'io*** c 1 aims moot su sou ante ally w x ou: 


ccj C 3r. 0 . T. Tyson 
Dr. Medrow 
attachments 


u % 
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VIA AIITIAIL 

Dr*. Detlcv Von Ucx’-cull 
Xonizsratsstrasse 3 
2 Ilar.burs-Kochkanp 
Germany 


Dear* Sir': 


Juno 11 , 1903 

Be: Germany E iSC71 

Baaed on U.S. 670,342 
714,730 


/£ k - nk y°- r °- vour- letters of April 14 and 
way x4, 12 op ana ior your* analysis of the Examiner’ s 
^■H^rjt^-i-C/nw^and objections mauo in the Official Action of 

. T ' vC r ‘rY° 0 "° Teclir .2 that the three parties concerned 
Yr v " 1 . “**”? eppixeatien, that ii, the Examiner*, the A^ent and 
one Applicant are slowly (ar.d to nobody's fault) sliding into 
dxvercj.or.ary dx a cue a ion a and ar^nor.iations of smaller and 
«vxtr®^ °; ac ': °£ »p£?iitu< 2 e, so that they are, so to speak, 
o. o.'ic lorCw'i/; occcu.cc oi* 'cYio z 33 c. 3 ** 

. A * Thc -° a - G certain facts which we all should 
xxrst of ali ronen-er, namely: 

(a) He are facing ych n clo se prior art. This has 
o|? n c X$ co x r - i - zod cilice x2o2 as consisting of C-erman Patent 
ojl,oo5, German Patent 970,222 and an article by Xahlc published 
if* Chcnxe-Ins-Teclm. or. January 25, 1953. These are the 
w.irea r.iosc pertinent references. 

- r*c.c cj.caxly eac.i inuivxciual sten of Aonlicant * s 
v/ken examined on a "broad" basis, may be found els- 
cxOwCc xn on<w oci* o j.ygi' ^r> e» 

01 2ce ? 3 cvon broadly , is not available from the 

^ (c) The issue of "obviousness", easily concluded 
^ne ^.xar.iner,. docs not exist, because Xahlc, who is an 
auancrxuy in the field, did not succeed in his invention 
ana. old, not visualize the possibility of the process which 
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i'. Von Uexkuil 


Juno 11 , 19^5 


Applicant ia nov; elaiw.ir. 3 . 

(a) Aojlicant haa proven to have obtained considerable 
conaaereiai success, aa iu la visible iron royalty revenues 
and iron; serious attests to infringe our process. 

( a \ v 0 ~,i •; cant has net with very strons opposition 
both in tileV.S. and in the Dutch Patent Offices 
only through a olovfand difficult prosecution u.nat the utoxtuae 
q.-. v y»-‘, Bodies v. : as charged and une pc;«enc^*^i.lj-^y 

of our'.invention vras asserted. 

B let us j ncvjj c cm arc in tasular for.." she^scyen 
broad aspects of our invention with the disclosures o- -nc 
three above-uentionod crosesu rcierenccs. 


Invention ! a 


. vs v.t L» Ok -- v. n 


O J. 


Goman 

970,223 


ICahle 1 r 1953 
article 


Adsorption is short Yes, as to 

of bed saturation 1: saturation 

preferably short of cucstionaoie, 

break through a ~ -° orea ' iC " 

through 


Adsorption is at Yes 

elevated pressure 
and desorption at 
lower pressure 

Desorption is short Yes 
of co.nplctc removal 
of adsorbed copponent 

The process is cyclic/Yes 

Part of the ur.adsorb- Ambiguous 
cd effluent cas is 
used to desorb 


YC3 (but 
in heated 
Sorbojjcn II 
oroces3, ps. 

143) 


?he heats of adsorpt- Ko 
ion & desorption arc 
balanced in the bcd_ 
(conserved) > thus ellr.'i- 
r.atinG the need for _ 
external transfer o* neat) 

'Jhore arc no heaters Yes 

in the bed or on Gas ; •..'••• 
Ainas. 


Ycsj but 
oucstionable 
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Dr*. Von Uexkull 


June 11, l£o5 


'fhc above commarativc analysis should 


^ A ^ **« «S r. ^ ^ • 

C»k-* 


COi'l’OC w . 


rt agree 


a with etudes ..".ale by U.S. attorneys 


outside Counsel, technical ucw.iOi*-jecaj o.*,. 
Dutch Examiners and liritish authorities. 


-,yiCLr.\ii.no it 3 > 


C. Proa this tabulation, we should attempt to 
reach a definite decision as to wh at claim can best pro a ec¬ 


us . 


Let us 

"T 


proceed ay way 


cl elimination: 


A combination 
2,944, 627) is 


type method claim (eig. claim 9 
not possi b l e in Germany. Arguing 
that feature o, nossibiy dlsolosca an ratont 9/0,223, cannot 
be** foundir. Patent 371,5-3, v:hile feature 5, ambiguously dis¬ 
closed in Patent £71,335, is not taxight by Patent 970,223 
cannot os d one v;hen the citations arc so closely related 
to one another. 

fi *% 

v 

in the preamble ail the hnov.n feature 


:v combination-type r.eoh 


r' '■ "• ,*■* r/ f*• v “i 


claim which contains 
of a sivan citation 
car , a a terms by the feature or features 


undisclosed by the same citation is not a amis si ole . Vhi s is 
a Dutch practic 


VS ) ww.*««*WU 


has to ackr.owiedgo all 
practically eliminates 
invention. 


used _n Car-many, where one 
rt. Ihls, of necessity, 
broad characterising aspects of the 


Jix. /. standard and acceptable method claim which 

is characterized by one or more broad features undisclosed 
by all the prior art acknowledged in the preamble may not 
be possible*, because there is no broad characterising feature 
clearly available to us. If one inspects the comparative 
tabulation given above, one finds nly two features t.ho. 5 &>) 
vrhich arc "not taught" by two citations and "only questionably 



al 



and is consequently usefully employed 
sorption".) However, see sub D. 


for the subsequent dc- 








— ■ 


I w I 


1 



our- rcn G e of "extensive c-so" y, v:e believe 

of ccusxxy ou-c^^vo ^^ characterization clause, 

that v:c s..ouxd : -' v ^^ 1ctivc will apparently 

‘--c cause claxr.'.a v.’nacn a-*e ^ — 

•jot i:e sufficiently pro tective. 



D. * 
us -with only u 


cv., G O'oovo listing of possible claim lansao^e loaves 
tjfciteSskvgi- (At least KO believe it to oo so.) 



I 


I 


J 
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.* 


Dr. Vcr. Uoxkull 


cone 11, i^/O^ 


y.MTV :.-Ovn at i> tv? . •* *. .«-* r .» ^ 

ir.g ono or more components fr*r. r. gaseous 
mixture by selective adsorption end ju’o- 
ocquent do sore tier, in which one . more 
adsorption beds aitomatiugiy, are loaded 
in the adsorption phase by introducing 
the feed gas, and withdrawing the un- 
adoorbed product gas, and arc doaorbed in 
one desorption phase at a lexer pressure 
by introducing a purge gas in the opposite 
direction, ch aracterised in t hat in the 
desorption phase a icacoa bed is depressurised 
to the desorption pressure and is backwashed 

, W1 u;l V .LCv.o V v- ^wL- V O- o. .O 

product geo, and in that the heat of ad¬ 
sorption is cyclically conserved without 
cmoloyr.ient cf external heat transfer means. 


The actual wording of this claim has been maintained, as much 
as possible, similar to that of ycur proposed claim. The 
Examiner‘s objections given in the first five lines of the 
first paragraph of the action have been overcome by inserting 
the objected features (direction of flov:, withdrawal of un¬ 
adsorbate) in the preamble of the claim. As to the alleged 
"broadening" of the claim, it should be argued that upper 
limits of cyclic operations have been described only, illustrative¬ 
ly with respect to"certain specific feeds (air, etc.) and that 
the length of the cycle is a dependent variable based on th< 



operation, and on the varying heats of adsorption generated. In 
other words, it should be argued mat the rapidity of cyclic 
switching should be so controlled (as to time) that the accumulation 
of heat of adsorption on the adsorbing particles during the 
adsorption phase of the process is maintained at such low T 
values that the heat accumulated during adsorption is readily 
available in situ during Cy.c-soration, in order to have the 
desired adiabatic conditions of operation. It should d«., 
furthermore, argued that the two features characterizing.the 
process (backwashing with u■'■.adsorbed product and conservation 
of heat without external means), gre not disclosed in any reference, 
inclusive of the Swiss patent 212,io9. 






u (-'• U 
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Dr. Von tlcxlcull 


v_ 


il> IS 05 


o. 'xo use- as clair:. 3 your nroocscd method clam 7. 
dealing with tho separation of water vapor and COo fro..; air. 
xne ci.cpanc.cncy should be on claims 1 and 2. ■ “ 




•O 


, - i-'- o^j-*Cu *.iCco> 

aeaim." v/itn t.io separation of water vaec"* '■''o: 
dependency should be on claims 1 and 2.*^ 


as elaii.; p v« 

i< 


proposed method claim 5 , 


but dealing with the separation of or.yycn fro:.; air. , ^ ^ _ o 
t0 oxysex reparation washed footed In "order wo 
uniform tnecareetion of tho effluent, fha dependency 
should do on claims 1 « 2. 


S. 


... „ -3 Co. a a.:. o> your proposed claim 

’/J-wn one separation of nitroycn from air. r '-- 


•u _ - •-*— — '•'*** ^***- • —* w C.O >OndC/.C j* Ci'iOUj.cl 

“• -'he shift from cnyyen to nitr-oyen was ayain 

O.iCCvCU a.11 OloO VSi' , 'e' 1*1 vv.** •>!"»- -» /irv’-*; .>%-* ■/.«„ _ 

. _ , , *-* * »-—W- V---U-lC 


011 xuon c. Pur the n.io ro 


WO*.' 


t.r** r*' a*'* •- .• ,.ll 



aeoorpoion. 


7 . 


. , *° U£ f a = claim 7 cur hereabove proposed apparatus 

?} a - ’• )-c^oclicvc tnat this miyht constitute a strong second 
l^ne o- deicnse and a possible retrenchment in the event we can¬ 
not obtain the main method claim. 

o. To use as claim 3 the following claim: 

"An adsorption device according to claim 7 and having 
two equal adsorbers each with a solid bed of 
adsorbent material and a crude r;as supply line 
ccur.ectea with each adsorber* with a plural 
^a connected «o a mam supply line* and a 
• prco.u.Ciu £*00 cixcohor^o XJ.110 connected vrdth coch 

adsorber end connected to the r.iain orodvet r es 
discharge line by means of a valve/ dad further 
ccmprisinp a scavengin'* ras connecting tube 
between tnc two crude yas supply lines* characterised 



(7a* da < * disposed in the discharge lines, which 
tube ^22) is centrally fed via a throttle valve 










/> 9 w.ic i 0 -.i 0 . , 'j.r* u< o3.w.x«*» 

9 ~ yj *— *-* W —*’* — *•“ ** 

"/dsoroticn device accordinc; “° 3- Cir; * ^ « 
characterised in that, fo- -’"-e purpose °* 

-to-tic operation the three-way vaxvos 
(13, 14), are provided «ith a so^caoxo- 
scrvonecharasm i-9, • 

_ „„ -f. vcur proposed clair. 11 , properly 

10. -° u “p "‘d .. ir.r." r. V.-. -, , j•..£•• -^.v of the English trans- 
deocr.ded. rlcsaa enow- mto a product 

rataor., oa.—•*-” “v-.71->\ 

£ss v.iti*. ir.crcasea, v v; **-“•«••• ; • 

11 Your proposed claims 2, 7 , £, -.^ 9 : 0^5 

to to fouS « the your^otto^.^ |^|£^ ly 

Yacy mi-ht ev^tually w ^ the y belons to the 

°?cc?-^cation) and trsufficiently and adequately covered cy 
the mail'- nethoa eea_.... 

At you cen sether ft® «. 

in cur proposed claims M Wj J* -^translated directly from 
claims seine prosecuted m i.oli«...a -nu «**—“■ 

tlie Dutch. 

_ no ,.. to the or.ssap.es of the office action not 

yet commented upon, v.e «■.■- ■ *» t 3 objectionable 

not contain functional sw-oica-- U.S. application 

and they are ascribed *or 1S57 (except 

670 , 342 , anus c : a ^ t'' t “" 0 c 0 r which the priority of 

for our proposes clan.:- o, j --‘p 
February 12, 1553 should bo claimed. 

vt. to ■•'ear from you, prior to filing n 
,jej'.wu_a letter, especially or. 

response so fr.e ^ n \ an(i on our reasoning 

our proposed ca*n iae-.Xw ( : 0 “ini comment upon the 

or. the topic of clam ‘your letters of April 14 

•remainder of your ar^uaw^- a-^cn^_n^y ? reply to the present 
and May 14 at a laser a.. ^e, 1 . 0 . - 


let«cr 


,, . •'■■-» '>n intorviev/ with 

Al 3 ° U 50 ftll.BJ.ll “ " this « 0 S 0=60 

P« 2 oS“uf'=c«h=Wdcd'^'. I? you need a=y poroonol ao»..»t»noe 


\, 
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Jur.e 11, 1555 


)r. Von Uordcull 


at the Hearing, please contact Mr. Very are in London, viho v:e 
feci confident ’’ill lend you all the necessary attention. 


Very truly yours. 


C. Cocoon 


CC :cj' 


cc: Lobular Mail 
Dr. C. Kedrov: 

Dr. J. T. Tyson Your coarsen ts on our proposed clair.s are 


- . , y „ li ( ^ X VWtlJ v/ V •.» Sn -M- W. J. t, 'y V U w‘. • Uw» O U , */ 4a f 

Von Ueulalll cn possible personal assistance 
at the Interview. The above proposed clai.ua 
have been carefully studied also by the in- 


VV,*< vU* <y* * •>/ W. 
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_ j.n=Tl-V rSHS.VON UEXKUUL 
i.aea.NAT. u.-o- i <— v 

PAT E M T A N W A wT 


----.t-orul Patent Causes 

— - *-»*-■ u 

P.O.Pcx 243 

, , , T / TTOi 

Plicaoetn. 

« J- «, VS -r if) V"* T’*v* # C C3CC0/1 


f&CSIVED 

JUL 12 *i365 


OANAAONTEN ORCSONE" B*NAAO. 

H*wai/«o,<ONT°-'-“ l, °' 3 

HARVAftOTBUOT COMPANV. 
pO STS C»tCKKONTO HAM3U90 JSSO 72 
TEtCCAAMMAOBESSE : OEXP-T 
TEEEPHON : 920/02 UNO OudR 620J6S 

HAMBURG-HOCHfAMP/' - G ;\f 

K6N.OORATZSTRASSE B •- '. ( J C 


# 


y -* 

{v.VjJ’*' 

sj *»' \ 


July 3, 1965 
2631 - St: en 


_ A-ooiicatioa No. 3 16,071 

6-70,342 and 714,780 

T y T?ilc: 2631 _-____ 


Dear :.lr • Ceccon: 

?hank you for your letter of J-ug 

' ooiSd^io/in t,e order «... 

in your letter. 

(- \ ~> e German patents 371 ,336 and 
A) I agree -~a- (-) "**l tinent references anc 
970,223 are the nos- ^^f^/the invention 
(b) practicaxxy ea *, * * both of these 

is known Per ae Qf thon discloses 

references. Ax-..ou - they botn ais- 

all features o^ t..e * ^ -its features, 

close combinations ox actiC e the level 

■Since according xo uer-.-*.. * ave~a,.;e exoert 

it Invention is destroyed, if 0 , Vce 

knowing -he^pricr a. - arrive at tne 

nre-sent app«--p a ^ va thoughts, it 

invention without ov/n *nv .. -^c^ ax the filing 
■ does not ma-ter wne -he^ (_ d applicant's 

date of ^4^'*°^)° cornercial success does 
process. Mention meets the legax 

not prove -hat ua ® i* tab 11 ity, especially -he 

requirenont. for ^t«tab^i.y iino - 

/ necessary _cvcx or in patent v/as granted; 

J WW35 SSW rocoivt a copy .2 foe 


I necessary -evux « 

/ \\ (el -he corresponding U.o. p 
- ^ \H would appreciate to recexV 

/ & Sr-— 1 issued^atqnt specification. 

''tir 4 *, az'670;?IZ- . 

•J. VW- * — 
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I agree to the tabulated comparison of the 
^GaTuz'Cs oi, Mils l.«ivuiOr« dr.d u-*o g ro — ^rc»io3 

\ ith two exceptions, firstly, in my opinion there 


Vvc • 0 







ux 

V\ i/i % ^ .- 






that adsorption and desorption are effected £_t 
the same temperature . 'Secondly, cyclical heat 
S conservation is a result rather than a teaching 
/of the operating conditions. ?or both reasons the 
y cyclical heat conservation itself will hardly 
( provide a distinguishing feature. 


:) 


» 

\i 


w 




I agree to your 


conclusion that one cram versions 
I - HI are not feasible although oho Dutch 
practice to acknowledge in the preehuracterizing 
clause only the features known fror. the no31 per¬ 
tinent citation is net completely ruled out in 
Germany, if the invention is a combination. There 
is r.o question that a method claim with a restricted 
characterizing part (as discussed under IV) is less 
desirable than a broad method claim, however, m 
the present case we will have to strive for valid 
rather than broad protection. In this type o: 


;ases 


in which the level of invention is doubtfu—, the 
attempt to defend the broadest possible claim may 
jeopardize the chances to obtain protection for a 
restricted claim because the examiner alter rejecting 
* .e broad claim due to lack of invention will tend 


to reject a?.so a restricted 


version v/nicn prooaoxy 
,ve been granted, if filed originally. 


The objections to the level of invention could be 
best overcome by restricting the main claim with 
respect to the phase length and the purge gas ^ 
volume. An upper limit for the phase length of 
les3 than 3 minutes can be based on adequate dis¬ 
closure in the original documents and would 
distinguish the invention over the lie.hie patents. 

As already mentioned according to German practice 
the claims in case of infringement are interpreted 
extensively. One cannot define, however, a "boundary" 
between infringing and non-infringing cycle times, 
because the Court will consider all circumstances 
I of the case.* The decisive question will be, whether 
the potential infringer makes use of the invention 
or merely operates under conditions known from the 
prior art. Thus, in the present case even a cycle 
time of 20 minutes would probably be considered 
infringing if the infringer uses the principle of 
the invention, namely a product gas purge and the 
adiabatic heat conservation. 

Nr • - 3 - 
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In order to u btai r. maximum protection wo shcuxd 
maintain a set of method claims and a number of_ 
claims directed to an apparatus for carrying oat^ 
the process covered by the motuod claims, ,/nne x 

C.°*1'GC ‘t?lG U.SG OZ pjTGG'i.C't ^,^3 —0 2? s*f+ G 

loaded bed is the main distinguishing feature, I 
see practically no chance to directly use the 
adiabatic heat conservation, which is hr.own from 
German natent 270,223 in the main claim. 


With respect to the main method claim proposed in 
year letter 1 invite your attention so .r.o ^oxlov/ - 
ir.g three points: 

1) It v.dll bo necessary to achnowledge in the pre- 
characterizing clausa that i z is .<nov/n to carry 

! out adsorption and desorption at substantially 
' v -" \ the same temperature. 

2) 3y insertion of the words "at least" the 
formulation "... baclcwashed with a part o: tne 

, withdrawn product gas ..." is extended to cover 
. ! also a purge with excess product gas (from ot.ier 

V"*" \ beds or* earlier operation) and thu3 removes the 
intended upper limit for the purge gas volume, 
which is do 3 irable to distinguish the invention 
over the ICahle patents, jincc the process of 
the invention is technically useful only, if 
at least cart of the product gas is recovered, 
the main claim should preferably exclude jthe' 
the case, that the total produce gas is per¬ 
manently consumed as purge gas. Tms does nos 
prevent a subclaim according zo which during 
the start—up period the loaded bed is bach- 
washed with* the total product gas. Since_the 
process of the invention will bo inoperable, 
if too small a fraction of the product gas is 
used for desor/ption, the definition of the 
e-urge gas volume should preferably also contain 
a lower limit. Unfortunately, the only suitable 
basis is disclosed only in US-application 
1 7K,7bO. I would strongly recommend,^ however, 

1 to use a corresponding lower limit for the purg< 
l gas volume in one of the method subciaims. 


<\A ~ 


will definitely be considered functional. Since 
the desired adiabatic operation as well as the 
necessary limitation to both incomplete loading 
and desorption are actually the result of adequate 
phase length control, the latter is the appropriate 
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feature 1;o be referred «o —n ^no maiu 0—axm, 


• v | ciently snort icr oo *n aciaa..-. >«..c ne«-x eo..oe..— 
vation and creation of a loading front 
] oscillating in an internal section of eacn oec. 

In the main apparatus claim proposed in your letter 
the last 9 lines of the characterizing par- will 
also be considered functional, x wound sugges- kO 
file a main apparatus clair:. directed to an apparatus 
jTo cflri , ** r i^» ■' cu* "w/ig o]roco3s accorcl" "to u^ic *»io onoc. 
i claim, characterized in that the purge gas supply 
j line is a branch of cno product gas line xea oac.c 
l via a pressure reducing means. 

?he proposed apparatus claim [/referring to the. 
apparatus 3hown ir. fig. 1 appears unduly restricted 
and in this form will prooaoxy be re ’sc ueci oy tne 
examiner as a mere repetition of an example. I _ 
would therefore suggest to file a comewna- oroacenea 
version. The "negligible backwashing" m your pro¬ 
posed claim o is not backed by the origir.au dis¬ 
closure. Moreover, suer, an amendment is unnecessary 
because according to C-erman practice a subclaim may 
be a modified version of the invention defined in 
the main claim. 

In order to provide a second line of defense I wouic. 
■> strongly recommend a method claim 2 restnetea to 
both a purge gas volume corresponding to aoout tne 
ratio of absolute desorption pressure jto absolute 
product gas pressure and a pnase lengtn o- less 
than 3 minutes. 


Please find enclosed a revised set of claims based on~ 
the proposal in your letter with the modifications out¬ 
lined above. The new set of claims does not contain suo- 
elaims corresponding to claim 6, 12, 14 and >o rwaroed 
with my letter of llay 14, 1Sc5, because you apparar.tuy 
feel that these subclaims may be cancelled. 

The new main method claim is clearly less distinguished 
over the liable patents than tne previous one. Tne 
alterations comoaned to the versions proposed m your 
letter are to the best of my judgement necessary in 
order to not completely reduce our chances to obtain 
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coarse, prepared to ii-c 
i.'i_do | but -L v* 1 —an Co eeu.r—y 
■hieh are insufficiently 


valid protection, -•ar., o_ 
those claims you decice tc 

warn tuat _ns_o j— n 0 o;. - , „, , . - 

...... P .p,-‘-’,2 '!x>ip entente vvi_•_ nro oaoiy 

0 0 cl*'' C ' Q.TIC G 3 "wO COllVinCG "til *3 GICwL7T:I.TlCZ* 

0 y invention. Since the present application '.'.al¬ 


most probably bo opposed after publication, any un¬ 
sound argumentation now v/xl± one °* 

0 .V)GlIGTio3 cir.d CL1..1GG V. r O*TSG dii-.-C J.1 wiOS w “ c ' 

opposition procedure. 

I can take care of the remaining objections of the 

_,.^ ^O'"* w** ‘t^ou’U etcic*" ~oxi. iLi*cio2rr*i3» w-Lon c*nc. 
prepare*a suitable response as soon as I have received 
voar approval to tnc y.roposec Cxuins. a ieq>esu *o; 
orai hoariiy will nrobably be rejected by one examiner 
(nlease compare the last paragraph of the Office 
Action of April i, 'Qob) and in tne present case uouxa 
oe of little helu because the examiner concernec. ao^s 
v>q~ ^ -? V0 ^ G“ /% v"’ 3 v/3 c.?icL *og^ig.s *30 cns-nojo Vii.3 nine, g vc*n 

after showing a positive opinion during a hearing. 


Very•truly yo urs, 


Inc. : 

set of claims 


SJcc-c P 




cc; Dr. C. lie drew wifn enc-os'ure 
Dr. J.1. Tyson with enclosure 







DEFENDANTS’ EXHIBIT W(6) 


pearlman Deposition of July 15* 1970, pp. 156-59* 
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R0D12RT I. PEARL II A !I, being firct duly nunm 
recording to law by the notary Public, testified as 
followa: 

DIRECT EXAMlBATICIi BY MR. HcCCrMlCKs 

Q Mr. Pearlnn, will you please state your hc.r.e 
addrean, and your age? 

A 220 West jersey Street, Elizabeth, Row Jersey, CJ202. 

I will te thirty-six in August. 

Q What is your present position at Esso? 

? C 

A I am a patent counsel in the patent or:d licenser, 
division. 

Q That iu Esso Research & Pn gin'.';'ring? 

A Correct. 

Q You are an attorney, are you r.ot? 

A Yes. 

Q Win you give ne a rundown of your educational 

background? 

A I spent two years at Columbia College ur.d then two 

years In the engineering school at Columbia, ending up with 
a B. S. degree in chemical engineering. I then took u 
Mastcr*o degree in chemical engineering the next year, 
getting ny Master*3 degree in 1956. 

Q Was that all at Columbia? 

A At Columbia. 


r *> 
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Q In Mew York City? 

A yea. I then Joined the patent department of Esso 
Research & Engineering Company and went to night law school, 
obtaining cm LIB. degree from Fordham Law School in i960. 


That is as far as your graduate work was con¬ 


cerned? 


Correct. 


You first entered the employ then of Esso in 


1956, did you say? 
A Correct. 


Can you tell me what positions you have held 


with Esso? 


A Veil, when I Joined the company I was, I think, termed j 
a patent trainee. Probably that term applied until I had 
obtained my law degree. I don't recall exactly. And then 
I was titled a patent attorney or senior patent attorney. 

We have gone through several evolutions of titles and I 
get confused as to which applied when. 

In 1961 I became a primary patent attorney, the te.m 

Winns designating that you supervised a group of attorneys. j 

1 

I left the company in September of 1962. When I re- 

j 

turned in th' . Ml of 196*1 I had the title of patent associate. 

In February of 1966, I believe, I was appointed patent 
counsel, which in effect was the term designating the principal 
attorney charged with given areas of the company's business 
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and it Included supervising attorneys so as to appropriately 
cover patents and licensing natters In those areas. 

q Where Mere you during the period from September 

of 1962 until the fall of 1964 ? 

A I Mas Morking for a patent las firm in New York City. 

q What firm was that? 

A Blum, Moskowitz, et cetera. 

a 

q Will you explain for me the patent setup here 
at Esso Research? That is, do you have a patent department 
that is separate from contracts and licensing groups Mhere 
one is responsible for prosecuting the application and the 
other handling licensing matters? Just describe it. 

A You are referring to the present organization? 

q Yes. Let us hear about the present time. 

A At the present time the patent and licensing group 
covers both patent prosecution and licensing in the subject 
areas of the company's business that they are concerned with. 

An exception arises Mhere the sale of technology is 
involved, Mhere a technical sales division, another division 
of the company, has prime responsibility which it can delegate 
back to an attorney in the patent and licensing group. 

In the particular case of heatle B s fractionation, that 
is in fact the May Me operate. So that I have principal 
responsibility for the heatless fractionation field as a 
licensing project, even though it has been a sales project 
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as opposed to acquisition. 

q Are you head of the patent and licensing group? ; 

A No. 

q Who is the head? 

A Rod Manah&n. 

q Has this general arrangement held since about 


the beginning of i960? 

A No. We have gone through a variety of organizations. 
q Then in about i960 was this responsibility split 

up? 

A As I remember it, and I am now Just using my recall, 
we had greater separation of prosecution activities as being 
handled by a patent division, whereas licensing activities 
were handled by group outside of the patent division. 

q who headed the patent solicitation group in the 

area of 1957 to i960? 

I 

A J. J. Small. 

| 

q Who headed the contract and licensing section 
or group from 1$60 onward? 

A Well, as I recall, there were actually two groups that 
might be termed contract and licensing in the context that I 

believe you have phrased the question. j 

One was slanted toward petroleum processes and heavy 

technolo'-y. 

q That wouldn*t be the group that we are interested 







% 
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_ J 

1 

A No, not that I recall. 

1 

1 i 

Q Would you please, ut the time of furnishing this 

■ 

l 

i 

other material that you have made notes of, please supply 

1 

1 

ne a copy of the license dated June l, 1929 , with Gas Drying,' 

i 

•~l i 

II 

• 1 

! 

Inc., and copies of all correspondence and memoranda in the 

1 


1 

() , 

file to the time of termination? Again I understand that 


7 

this io subject to privilege and that if you would hold 


« 

1 

anything for reasons of privilege that you will Just give 


1 

the dates and the sender and receiver. Io that correct? 


10 1 

MR. HEUTTNER: '’’hat is correct. 


1 1 i 

THE WITNESS: Yes, air. 


12 

Q Mr. Foarlman, will you Just take the time to go 


13 

through the lirt of licensees and tell me whether an,yen: 


11 

listed there has subsequently ceased to be a licensee. If 


1." 

you know? , 

A.E X. ^\rlcc- 

1 

If. 

A Starting at page 15 of the answer, Eg— 


IT 

Company wa3 merged with another licensee in Britain. 

i 

1 

1 

I 

IH 

Q They are still a licensee, however? 

10 

I 

A The license in effect «33 terminated and replaced 

20 

by a new license. 

21 

q I an. primarily interested in the licensees in 

| 

2.! 

the united States. 

21 

A To expedite matters, I will restrict the answer to the 

1 

21 

! i 

United States licensees. 

1 

2. r > 

Applied Pneumatic3 ao indicated was terminated in April 

1 






